Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



^ 
J; 



The Branner Geological Libran 




lBLAfflI"SIM]FO]RB°JVMOR°'^OTVERSITT 



/I 



V 



UA^ 



i~~ "* ' 



A GUIDE 



TO THE 



DETERMINATION OF ROCKS; 



BEING AN INTRODUCTION TO 

LITHOLOGY. 



IJY 



EDOUARD JANNETTAZ, 

Doeteur eg-Seiences, 



TRANSLATED FROM THE FRENCH 

By GEO. W. PLYMPTON, C.E., A.M., 

JYof, of Physical Science in tJie Polyiechnie InslUuie^ Brooklyn^ N. Y, 






J - J 



.• • 1 



« * 










NEW YORK: 
JD. VAN NOSTRAND, PUBLISHER, 

23 MURRAY AND 27 WARREN STREETS. 

1877. 



• 1' 



/ 



I 



t 



214620 



COPTBIGHT, 

1877. 

BT D. VAN NOSTBAKD- 



••• • • 

-„ • * • * 



• 4 



• • 









• • 



• 
1. 



• • • 



TRANSLATOR'S PREFACE. 



The following pages have been translated with a view to 
supplying students with a desirable supplement to the ordinary 
academic course of Greology, at the same time affording an 
easy introduction to the larger treatises on Lithology. 

No changes in the plan of the original work have been 
attempted. The English synonyms for the rock names have 
been taken mostly from Von Ootta's " Rocks Classified.'' 

The Appendix is a translation from '^ Gours El^mentaire de 
Geologic Appliqu^e/' by M. Stanislas Meunier. 

The thoroughly practical character of this little treatise, 
together with the simplicity of the methods of examination, 
constitute, it is believed, a sufficient claim to the favorable 
notice of teachers and learners of. this department of science. 



TABLE OF CONTENTS. 



inteodtjction. 
Paet First. 



A description of the more important minerals from the 
lithological point of view. 

Part Second. 

CHAPTER. PAGE. 

I. Feldspathic Rocks, 37 

II. Pyroxenic and Hypersthenic Rocks, . . 56 

III. Amphibolic Rocks, 68 

IV. Epidote, Garnet, Disthene, etc., ... 72 
V. Micaceous Rocks, 74 

VI. Chloritic Rocks, 78 

VII. Peridote, Talc, and other Magnesian Silicates, 80 

VIII. Argillaceous Schists and Slates, . . 83 

IX. Siliceous Rocks, • , . . , . 89 

X. Alkaline Rocks, 96 

XI. Rocks of the Alkaline Earths, ... 98 

XII. Aluminous Rocks with Silica, . . . 108 

XIII. Metallic Rocks, 109 

XIV. Combustible Rocks, . . . . . 114 

Part Third. 

Method to be followed in practically determining Rocks, 117 

Part Fourth. — ^Appendix. 

Dichotomic Table for determining rock species, . 143 

Index, 103 



* • 



• *•• 



^ -.• 






DETERMINATION OF RQCKS. 



INTEODUOTIOK 






The ellipsoidal form of the globe, the temperature of itb d;t|i(a 
which is greater in proportion to the depth, the incandest!§4ice 
of the lavas thrown from volcanic craters, tend to establish thV 
fundamental fact, that the earth has passed through a GondL^*'.' ^ 
tion of igneous fusion. By cooling, a solid crust has been\.%** 
formed whose thickness has increased with the lapse of time. 

Among the mineral matters which enter into the composi- 
tion of this solid crust, a certain number appear in consider- 
able masses, and often with identical or very analogous charac- 
ters in regions widely separated from each other. It is to these 
masses that we give the name of Rocks. 

The water which covers three-fourths of the surface of the 
globe, the air which surrounds it in all directions, the gases 
and vapors which escape from its depths, merit doubtless the 
name of elementary parts of the globe ; but the determination 
of these elements of our planet is not conducted by the same 
process as that for the solid masses or rocks. Of the centre of 
the earth — the portion enveloped by the exterior solid portion — 
we know neither the composition nor the physical condition. 
It is quite certain that its temperature is very high ; and it is 
known that the mean density of this interior portion is higher 
than that of the surface ; but the composition is entirely con- 
jectural. 

The rocks called gneiss, composed of crystalline elements 
disposed in their distinct layers, are regarded as being among 
those which resulted from the slow cooling of the incandescent 
globe. Many geologists add also certain fine-grained granites. 
Bocks of such origin are oaHled jpfimitive. 
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8 DKPEXMINATION OP ROCKS. 

Immediately *that the temperature of the surface was suflfi- 
ciently lowered| the water condensed from the atmosphere, and 
charged witb'.^pors or gases of different kinds, commenced its 
chemical rfile-a's a solvent, and its mechanical rdle as a motor, 
transpevting to points already low, the debris and detritus torn 
from rocli§ in the more elevated regions. 

i^ debris is sometimes only the fragments of the former 
rqc^ ; ' sand is an example of this kind. Sometimes it is com- 
•ppsed of minerals to which the rocks, in decomposing, have con- 
••-.{ijbuted only a part of their substance, of which many calcare- 
\ '.(Jus rocks furnish examples. Rocks thus formed have often- 
* '*• times the appearance of the earth of our fields, and are, in con- 
sequence, called earthy. They are furthermore termed sedimen- 
tary, because they have been deposited by water; Q,nd stratified, 
because they are disposed in strata or successive parallel layers. 
There is a thirc origin of rocks also very important. From 
the earliest epochs, there have been produced great rents in 
the earth's crust, into which have been injected, in a more or 
less pasty condition, the rocks termed eruptive, to which class 
belong the greater part of the Granites, Porphyries and Tra- 
chytes. To this class belong also the volcanic rocks, such as 
Basalts, Lavas, and the different solid matters which are at the 
present time thrown from the craters of volcanoes. 

Such are the three great orders of rocks, characterized by the 
following very different relations of position : 

(1) Rocks of crystalline structure which have apparently cooled 
from a fused condition, and of which the oldest are the uppermost 
and superposed upon the more recent ; (2) sedimentary or earthy 
rocks, of which the first in the order of time are the lowest and 
are covered by the more modem ; (3) eruptive rocks, which are 
further subdivided into volcanic rocks, and those which in a 
fused condition have been pushed through the outer covering of 
rocks already deposited above them. The eruptive rocks have 
their base in the profound depths of the globe, and connect it, 
at least at the epoch of their consolidation, to the concentrio 
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envelopes of the interior nucleus, which h^ve been added one 
after the other, both outside and inside, to the shell of the 
globe. 

But the vapors of the atmosphere immediately affcer their 
condensation, the surface-water which penetrates and flows 
through interstices or crevices of the superficial parts, and, 
moreover, the emanations from greater depths — all these influ- 
ences have aided, more or less, to modiiy the mineralogical 
character of the rocks. In some, certain elements have been 
transformed; in others, new elements have been introduced. 
The movements of the crust have given rise to mechanical 
phenomena; clays of unknown texture have become schistose 
or slaty, that is to say divisible, into thin lamina) following 
planes not parallel to those of stratification ; such is the origin 
of the true slates, as has been demonstrated by the experiments 
of Sorby, Tyndall and M. Daubr^e. Furthermore, sands and 
fragments of rock have been agglomerated by a cement which 
has been infiltrated. Sometimes the rock is traversed by 
distinct veins of foreign material. 

We apply the term metamorphism more particularly to the 
modifications produced by the concurrent action of water and 
mineral vapors which acted at a high temperature, under great 
pressure, and at the same time with the mechanical movements 
of the crust. The Metamorphic Bocks are those which have 
been subjected to these modifications. Most geologists place 
here, mica schists, talcose schists, chlorite schists, clay slates, etc. 

Around the crevasses occupied by the eruptive rocks, there 
is frequently an assemblage of lesser crevices in which, by 
thermal agencies, exerted in part from below, mineral or metal- 
liferous matters have been deposited. These are veins. Fi- 
nally, at the place of contact of the eruptive .rocks and the sedi- 
mentary rocks, we see, ordinarily, a mass of mmeral matter, 
whose composition is often analogous to that of the veins, but 
often also modified by the phenomena of metamorphism. 

It is necessary to add to all these rocks, those of organic oil. 
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gin, Buch as the carbonaceous fossils^ which have been produced 
from the ancient vegetable world; and which, under different de- 
grees of alteration, are recognized to-day as anthracite coal, 
bituminous coal, lignite, and peat. To this order belong copro- 
lites and guano. 

We admit, therefore, in consideration of their different modes 
of formation, the following orders of rocks : 

A. Rocks crystallized from fused condition. 

B. Sedimentary rocks formed from debris of other rocks, 
whether altered or not ; earthy, but rarely crystalline. 

C. Rocks of crystalline character in transverse masses: 
(1) Eruptive; (2) Volcanic. 

D. Sedimentary rocks rendered crystalline : (1) Wholly by 
metamorphism J (2) In part by infiltration of some cement- 
ing material. 

E. Rocks in veins or separate masses. 

F. Rocks of organic origin. 

It is " in place " only and considered with reference to its 
surroundings, that a rock exhibits all its characters j it is only 
there that wo can study its position and relative age; it is 
there, finally, that wa can draw true conclusions, even regard- 
mg its mineral composition. Often we find in some part of a 
mass, the appearance of a solidified paste of indistinct elements, 
when a further examination will reveal thsse elements so far 
isolated and of such dimensions as to exhibit their distinctive 
characters. 

It is also on the surface that it is necessary to follow these 
transitions, so numerous, from one rock to another very differ- 
ent in texture. 

I have taken the care to note all these changes, so impor- 
tant for geological theories. 

The principal object of this book, which I have divided into 
three parts, is to serve for the practical determination of rocks. 
I. In the first part, I have enumerated the principal phy- 
sical and chemical properties of the mineral species. 
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II. The second part is devoted to a description of rocks and 
to the minerals which compose them. 

How do we determine rocks to be of the same species? At 
first sight; the answer is easy enough. They are masses com- 
posed of the same mineral species, associated in the same pro- 
portion, and, furthermore^ having the same texture ; but geol- 
ogists wish to take into account also their mode of forma- 
tion, which is not easily discovered without a study made " in 
place." Thus, one has constantly to distinguish granite from 
gneiss ; and it is very difficult to tell in what these two rocks 
differ in certain cases. 

Without knowing precisely the origin, one may notice a dif- 
ference in constitution of these rocks. Evidently, they have 
not the same texture : one is composed of elements associated 
pell-mell j in the other, the elements of the same nature occur 
in bands or layers. Granite and gneiss have no more the same 
geological character. But granite has somewhat of the texture of 
gneiss, as if to show better the affinity of these two species of 
rock. 

Because of their different origins — betrayed in this case by 
their texture — we shall continue to distinguish gneiss from 
granite by regarding the mineralogical composition as funda- 
mental. 

We call those rocks simple^ which are composed of elements 
belonging to the same species; those compound, which are 
composed of elements of different species. 

Certain elements always occur in the rock (essential ele- 
ments). Others appear only accidentally. A great number 
of the mineral masses, for instance, are composed of Ortbo- 
clase, Feldspar and Quartz ; these are called Pegrmtites. In 
the true Granites, to these two materials is added Mica in con- 
siderable quantity. Granites differ only from Pegmatites in 
containing Mica; it is necessary to consider this material as one 
of their truly constitutional and essential elements. It seems, 
reciprocally, that we might call an}~ mineral mass Pegmatite 
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if it were composed of Feldspar and Quartz, and contained no 
Mica. Sometimes, nevertheless, the Pegmatites admit of lam- 
inae and large scales of Mica, but always here and there with- 
out regularity in the mass, so that the constituent elements are 
mixed in a manner very homogeneous. Mica would be only 
mentioned there as an accidental element. Wo distinguish, 
in general, under the name of accessory elements, those which, 
without being essential, are frequently present. 

Among the essential elements of a rock there is generally one 
which, without always being more abundant than the others, 
still gives character to the mass by reason of its own prominent 
physical properties ; it may be by a more striking color, a bright- 
er lustre, or by establishing a cleavage in the general texture. 
Such minerals may be considered as dominators. They aid 
much in determining rocks. It is in this sense that it is neces- 
sary to extend, by example, these denominations of rocks — py- 
roxenic, amphibolic, feldspathic, in which the Pyroxene, the Am- 
phibole and the Feldspar surpass the other elements, not al- 
ways in ponderable quantity, but in influence on the exterior 
properties. 

In the methodical statement which I have made the object 
of the second part of this book, I have followed the classifica- 
tion, adopted by M. Daubr^e for the collection of the museum 
of natural history. 

III. In the third part, I have sought to present those prom- 
inent characteristics which permit the student to reduce at once 
the number of examinations usually necessary for the determin- 
ation of a rock. A great number of rocks, in fact, are present- 
ed under particular forms which singularly simplify their 
determination — some better than others — by unanimous con- 
sent of all lithologists ; only giving a variation of texture a 
place and special name in the nomenclature. 

I have thus obtained the following groups : 

1. Gldbuliferous rocks, formed totally, or in part, of globular 
elements ] 
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2. Cdlular rocks, full of cells or cavities throughout ; 

3. Schistose rocks, having elements arranged in distinct paral- 
lel laminations ] 

4. Vitreoics rocks. 

I have put upon the same line, always with a view to ready 
determination, the character — so easy to recognize at first 
glance — of the homogeneity of the rock, or of its manifest 
heterogeneous or complex composition. 

In addition to the characteristic of texture, I have taken for 
the last groups, the following : 

5. Simple rocks in reality or in appearance ; 

6. Poi'pliyriiic rocks, composed of a paste of indistinct 
elements and crystals j 

7. Complex rocks, formed of discernible elements. 

8. IncoJierent rocks, composed of isolated elements. 

Each of these paragraphs is divided into groups, I, II, III, 
etc. ; afterwards successively divided into secondary groups. A, 
B, 0, etc. ; these into tertiary groups, (1), (2), (3), etc. ; the sub- 
divisions of these last are marked (a), (b), (c), etc. 

To obtain these subdivisions, I have made use of the char- 
acters most easily recognized, such as the color of the rock, 
when it is constant in the group and is not found the same in 
neighboring groups; or such as the crystalline aspect, or 
earthy character, and fusibility before the blow-pipe. I have 
frequently, also, employed the character of hardness. 

When we wish to determine a rock, we consult first the third 
part. The first examination suffices to make known the texture, 
whether globuliferous, cellular, etc. If it is globuliferous, wo 
proceed according to this method, to try its hardness with a steel 
point. When it is not scratched by this point, a metallic streak 
left by the steel can be seen j or if it is cut by the point, the fine 
powder which the cutting produces may be wiped away with the 
fijiger, after which the cut itself may be distinctly seen. 
A rock of group I may be vitreous or compact and dull. If it 
belongs to group A, it may have a radiated structure. We then 
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have to choose in subdivision 1^ from a small number of species, 
treated with more ample details in the first part. 

Scale of hardness after Mohs ; the softest being Talc. 

1, Talc J 2, Gypsum or Rock-salt j 3, Oalc-Spar j 4, Fluor- 
Spar ; 5, Apatite ; 6, Feldspar ; 7, Amethyst ; 8, Topaz ; 9, 
Sapphire or Corundum ; 10, Diamond. 

A substance is said to have a hardness of 5.5, (example, 
Sodalite), when it will scratch Apatite, whose hardness is 5, but 
when it can be scratched by Feldspar, whose hardness is 6. 

The characteristics of fracture are described by the follow- 
ing terms : Vitreous fracture yields imequal surface j conchoidal 
fracture produces a curved or shell-like surface ; splintery frac- 
ture presents a surface like that of broken wood ; plat?/ fracture 
exhibits plane or nearly plane surfaces j sparry fracture exhibits 
surfaces made up of geometrical planes, as in the surfaces of 
crystals j laminated fracture presents laminse or thin plates of 
the mineral. This term is applied when the plates or laminae 
are of sensible size j when they are very small the fracture 
is said to hQ foliated. 

The density of a body is the quotient of the weight of that 
body, by the weight of an equal volume of water. The best 
process to follow in order to obta,in exactly the densities of the 
pure minerals, is that employed by M. Damour. It consists 
in replacing one of the plates of a good balance, by a stirnip of 
wire, furnished below with a little hook, to which is attached, 
by a very fine wire, a sort of basket formed of a trellis of fine 
platinum wire. Fill, by means of a pipette, the cup with water 
recently boiled. Then lower the whole into a vessel of water. 
Establish an equilibrium. Weigh the body first in air upon the 
scale which is above the vessel of water ; then place it in the 
basket below, and find its weight immersed in water ; the loss 
of weight which the body experiences, is the weight of the dis- 
placed water. It is necessary that, during both of these oper- 
ations, the basket should remain submerged. 

Ordinarily the rock is more or less porous ) in this case it is 
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better to conform to the following process — a little longer, but 
sure : Reduce the mineral to grains about the size of poppy 
seed. Wash the grains in such manner as to preserve those 
which are of uniform size, using distilled water. In place of 
the platinum basket, suspend to the hook, a little crucible of 
the same metal, weighing two grammes j balance the crucible 
while it is immersed in the water, withdraw it and fill it two- 
thirds full with the grains whose density is sought j immerse 
it again in the water and weigh it. The difference between the 
weight of the crucible with the mineral which it contams, and 
the weight of the crucible alone, is, evidently, the weight of 
the mineral in the water. Withdraw the crucible and mineral 
from the water, and place them in a drying oven and drive off 
the moisture ; then again weigh crucible and contents. Sub- 
tract this weight from the weight of the crucible alone ; the re- 
mainder is the weight of the mineral in the air. From this, 
subtract the weight of the mineral in the water, and we have 
the weight of the water displaced. Divide the weight of the 
mmeral by the weight of displaced water and we have the den- 
sity required. 

This sketch of the history of rocks would be incomplete 
without mention of the important part played by Microscopic 
analysis. Oordier explained the principles of this method in his 
memoir to the " Academic des Sciences" in 1855, reprinted af- 
terwards with the Description des EocJwSj published in 18C8, from 
the manuscript of the illustrious lithologist. Oh. d'Orbigny. 

It is necessary to first reduce to powder, by pressure as 
much as possible, rather than by trituration ; then separate the 
elements of different densities, by means of repeated washings, 
upon a glass plate. more or less inclined; finally, examine by 
the microscope the isolated particles, comparmg them with the 
ordinary elements of rocks brought to the same degree of fine- 
ness, subjecting them also to the action of acids, blow-pipe 
magnet, etc. 

M. Ad. Brongniart has examined directly with the micro- 
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scopO; the thin lamina cut from petrified wood. The success 
with which this eminent botanist has conducted his examina- 
tions of fossil wood, is well known. For some years this sim- 
ple process has been applied to the study of rocks proper. By 
the aid of considerable magnifying power, laminae of rocks, if 
thin enough to be transparent, may be successfully examined ; 
a scale, obtained by a blow, may be cemented by Canada 
balsam to a plate of glass. Such examination serves often to 
make known, either by their form or their color, the microscopic 
elements of basaltic or adelogenic rocks. It permits, also, the 
study of the minutest details of the mineral structure of rocks. 
It is often difficult to distinguish, under the microscope, the 
separate elementary constituents, even when the fragment is 
thin enough to be transparent. Polarized light is often success- 
fully employed in such a case. Two Nicol prisms are adapted 
to the microscope. One is placed below the stage j this is the 
polarizer. The other is placed above the eye-piece, between 
the microscope and the eye; this is the analyzer. When 
the Nicol prisms are so placed that their sections are at right 
angles, the light is cut ofiF and the field is dark. 

1. 1. Now if we place upon the stage a crystal of the cubic 
system, it does not in general modify the effect produced by the 
Nicols. 

The ordinary elements of rocks belonging to this system, and 
susceptible of certain degrees of transparency, are : Fluor-Spar, 
Rock-salt, the Alums, Analcime, the Garnets, Blende, Sodalite, 
Amphigene. 

Analcime and Amphigene (Leucite) present an exception and 
re-establish the light in the dark field in virtue of a curious 
property which Biot has called polarization lamellaire. 

The crystals of the five remaining crystalline systems dissi- 
pate all the obscurity produced by the crossing of the principal 
sections of the Nicdls. They fail, however, to do this under the 
following circumstances : 

2. Substances crystallizmg in the hexagonal system {Emer- 
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oM, ApcUite, Tourmaline, Quartz, NepJieline, CMorite, Pennine, 
CalC'Spar, Dolomite, SideriteJ ; those of the quadratic system 
(Zircon, Idocrase, Wernerite, ApophylliteJ do not divide the 
ray which traverses them perpendicular to their bases j so the 
plates of these nodnerals, having faces normal to the rays, re- 
main obscure between two Nicols when they are traversed by a 
parallel beam ; this condition is nearly fulfilled when they are 
viewed imder the microscope ; it should be added, however, that 
if they are observed directly with the eye, the minerals being 
placed between an analyzer and a polarizer, they receive con- 
vergent light and will exhibit, in such cases, around their opti- 
cal axes, circular rings of brilliant colors, traversed by a dark 
cross, whose branches are parallel to the two sections of the 
NicoL For explanation of this phenomenon, we refer the reader 
to treatises on physics or mineralogy. 

If minerals of the hexagonal or quadratic systems are cut 
in plates with faces parallel to each other and to the optical 
axes, and, consequently, parallel to their bases, they leave the 
field dark when the optical axis is parallel to the principal sec- 
tion of one of the Nicols. 

3. Place upon the stage a mineral of the orthorhombic sys- 
tem — right prism with a rectangular base — (Sulphur, Topaz, 
Staurotide, Andaltisite, Mica, Mesotype, Stilbite, Peridot, Arra- 
gonite, Cerusite, Barytes, Celestine, Anhydrite J ; we find three 
directions, each at right angles to the other two, imder which 
the mineral permits the dark field of the microscope to remain 
dark. These three directions are parallel respectively to the 
edges of the triangular prism -, that is to say, to the height, 
length and breadth, or, as the base may be a rhombus, to the 
two diagonals of this base. If the object is slightly displaced, 
so that one of these edges is no longer parallel to the principal 
section of the Nicol prism, the dark field is illuminated. 

Enstatite, for example, cleaves in fibrous laminae, the fibres 
being parallel to the intersection of the planes which are re- 
garded as the lateral faces of the rectangular prism. When a 
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lamina is obtained by cloavago from this .mineral, the obscuriiy 
remains only when the general direction of the somewhat dis- 
continuous fibres is parallel to one of the Nicol prisms. 

4. Crystals of Augite or Diallage produce this effect only in 
directions generally oblique to their edges. If there is inter- 
posed, between the polarizer and analyzer, a lamina of any 
substance whose form is derived from a rectangular or rhombic 
prism inclined in one direction, but in one only, the obscurity 
remains for three directions, of which one only is parallel to one 
of the edges of the rectangular prism. This unique direction, 
parallel to the base, is perpendicular to the line of greatest in- 
clination. The two others are found to bear dilTcrent degrees 
of obliquity to the crystallographic Imes. The minerals of this 
system, widely diffused among the rocks, are : Epidoie, Ortlto- 
cldse, Wollastonitej Pt/roxenej AmphiboUj Gypsum, When we 
know the direction of a given face of the mineral by the fracture 
in one of these substances, and the position of iha regular lines 
which limit the contour, it is sometimes useful to measure the 
angle of the direction which allows the obscurity to remain 
when it is parallel to one of the Nicols and one of the known 
crystallographic lines ; this angle may serve to determine the 
mineral under examination. In order to measure this angle, a 
divided circle is adapted to the microscope, upon which turns 
an index carried by a double refracting prism, which is substi- 

' tuted for the Nicol analyzer. 

5. Finally, if the forms of a mineral stibstance can be de- 
rived only from the last crystallographic system, the directions 
for which the obscurity persists, are without any assignable re- 
lation to the crystallographic lines. 

II. But the service rendered by polarized light does not end 
here. Lamina), even if colorless, acquire, when placed between 
two Nicols, colors which vary with their thickness and with 
the material. Also confused mixtures with materials of uniform 
thickness but of different nature, shine under these conditions, 
with different colors which serve to distinguish them one from 
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the other. Small irregular grains of quartz are easily recog- 
nized by this meanS; either in sandstone, where it is almost 
the only mineral, or in granite or porphyry where it is associated 
with Feldspar. 

Moreover, the color exhibited by a crystal belonging to any 
other than the cubic system, varies with the surface which is 
presented to the light. This explains why, in basalts, the crys- 
tals of Feldspar, distributed parallel to their planes of lateral 
cleavage, present, when observed between two Nicol prisms, al- 
ternate bands of different colors. 

III. Another fact of which it is necessary to take cognizance 
in microscopic analyses, is the dichroism of minerals. Often a 
crystal affords colors which change with the direction in which 
it is regarded by transmitted light. We can, with a fragment 
of Calc-spar obtained by cleavage, observe two colors, or, at 
least two different shades, in nearly all colored crystals except 
those of the cubic system. M. Tschermak has been able to 
distinguish Augite from Hornblende by means of these colors. 

IV. I shall recommend, finally, for this kind of research, a 
process which has often served me with advantage, and which 
consists in the employment of a lamina of Selenite of sensible 
thickness, but still of such thinness as to afford colors between 
two Nicols. Superposed upon a thin section of any substance 
which affords a color between the Nicol prisms under the mi- 
croscope, this Selenite heightens the brilliancy of the colors. 



PART FIRST. 



PBOPEBTIES OF TEB PBINCIPAL HINEEALS WHICH COltPOSS 
THE ROCKS. 



(A description of Hie leading minerals which constUttte 
rocks, is (done afforded in this first part.) 

FBLDSFABS. 
(Silicates of Alumina, with either soda, potash or lime). 
IlardnesB G, being scratched by Quartz; generally cleavable 

in two directions iiaving an angle between them of from 80° to 
90° ; all more or les8 easily fusible. 

Five different Feldspars with well-detennined oharactoristics, 
are known ; Orthoclase, in which potassa predominates ; 
Albile, in which soda predominates; Anortliite, hernng a base 
of calcium or lime ; and two or three other Feldspars of more 
complcs composition; Oligodase, having a base of soda and 
lime ; and Labradorife, having a base of limo with a smaller 
proportion of soda. 

Orthoclase (Aluminum pot.asaium silicates). — Form; an 
oblique prism with a rhombic base, mod- 
ified generally upon the lateral faces. 
mm = 1180 48' ; jym = 112° IC; jpA' 
= llflo T; pg' = 9(P. 

Direction of cleavage ; at first, parallel I 
to p, then to ;?'. 

Dommant forms: elongated in the di- 
rection of the heights (Fig. 1} ; elongat- I 
ed, also, in the direction of tfaoir bases | 

(Ke- 2)- 

The crystals exhibit many different I 
modes of grouping, the principal of I 
which are the foUowmg: (1) coupled in 
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invertedtnannernpoii afacet which 
modifies the lateral angles of their 

bases (and inclined 45° 3' to the 
vertical axia), so that the two 
bases P beconiQ adjacent to each 
other, also the lateral faces g^; 
(2) two crystals joined in a re- 
verse manner, like an object and 
its reflection in a mirror, having 
their vertical edges parallel and 
partly interpenetrating each other, 
having one part common and the 
other part free {Fig. 3). Tho two 
bases form a re-ontrant angle of 
127° 40' i (crystals of granite and 
porphyries are examples). 

If a fragment of one of these 
rocks be made to reflect a beam 
of light, in order to distinguish 
the basic cleavage of one of its 
feldspar crystals, the light from 
j one portion of tho base only is ob- 
tainod ; the reflection from the 
cleavage of the other portion is 
obtained only by taming tho rock through an angle supple- 
mentary to the preceding. In granites and pegmatites, the 
Bmsll crystals are simple and exhibit the faces jj andp', and a 
feoe A' with very unequal fractures. 

Colors; white, reddish-white, gray, green, bluish-green. 
Powder : grayish- white. Lustre : vitreous ; sometimes pearly 
upon the cleavage faces ; all degrees of transparency. Hard- 
ness 6. Specific gravity 2.6 to 2.C. Not acted upon by acids, 
except hydrofluoric and ammonium fluoride. It contains from 
61 to 67% of Silica. 

Varieties : Adularia, colorless and nearly transparent ; AmO' 




Fig. 3. 



eonsUMe, green or greenish-blue, colored by copper : Loxodase, 
containing more Soda than Fott^; Mikroldin, containing 
about equal proportions of Soda and Potash; Sanadin,hm\g 
the form found in Pumice and Trachyte. 

Hodifications of structure : laminated ; graniilar (Leptynite) ; 
compact (Petrosilex) ; vitreous (Obsidian and Perlite). 

The general characteristics exhibited by Ortboclase in rocks 
are its vitreous or slightly pearly lustre, its laminated fracture, 
its hardness and its fusibility before the blow-pipe. In order 
to observe this latter characteristic, it is necessary to break it 
into as small fragments as possible ; then choose from among 
them those which have the sharpest edges or points, and place 
one in the platinum pincers ; apply the hot flame of the blow- 
pipe Jo the thin edge of the fragment; after a few seconds, the 
edges may be seen, by the aid of a lens, to be slightly rounded. 

Albite (Aluminum-sodium, silicate). — ^orm: a doubly 
obliqneprism, often modified. The two cleava- I 
gea, generally the moat marked, have, between 
them an angle of 8G° 24' and corresponding — 
the first, pearly, to the base p ; the second, 
more vitreous, to the face 3' (Fig. 4), The I 
crystals are generally reversed, the one upon 
the other, giving rise to the form exhibited in 
the figure. Hardness, somewhat greater than 
Orthoclase. Specific gravity 2.G; sometimes 
as bighas2. G3. The color varies from milk- 
white to green or even to red. It is generally 
white in the rocks. In order to analyze it, it is 
necessary to treat it with barium hydrate or ammonium fluo- 
ride. It contains about 68% of Silica. 

Oliffoclase (Aluminum-sodium-calcium silicates). — The 
principal cleavage-plane has a vitreous lustro and is marked by 
parallel stries. A cleavage-plane of the second order, makes 
with one of the first order, an angle of 80° 10* ; the fracture m 
other places is somewhat splintery. The stride of the base arise 
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from a grouping analogous to that which we have described in 
Albite, but which is much more fully represented in this mineral. 
The color is a dull or greasy white, grayish-white, greenish, 
yellowish, or reddish. Hardness, about 6 ; specific gravity, 
about 2. 7 (just enough higher than Albite to admit of identifi- 
cation). Before the blow-pipe, Oligoclase fuses more easily 
than Albite to a colorless glass, coloring the flame yellow. It 
is readily attacked by acids. Oligoclase contams about 80% 
of Silica. 

Andesine (Oligoclase, very rich in Lime). — Oligoclase is 
generally accompanied, in the rocks, by silicates of magnesia 
and iron more or less aluminous : Micas, Chlorites, Amphiboles, 
^ Pyroxenes. It represents, in a manner, the average of the other 
Feldspars, and is found associated with all ; with Orthoclase in 
the syenites j with Albite in the diorites ; with Labradorite in 
the melaphyres. Sometimes it forms in syenite the nucleus of 
a crystal of which Orthoclase furnishes the envelope. In the 
granites of Finland it surrounds the Orthoclase. Oftentimes 
the crystal is enveloped in a yellow crust produced by the 
carbonic acid of the air. 

Labradorite (Aluminum - calcium - sodium, Silicates). — 
Form : doubly oblique prism. Crystals are rare. The face 
of the principal cleavage exhibits a vitreous lustre and makes, 
with the secondary cleavage-plane, an angle of 86^ 4(y. The 
facet is marked by striae, occasioned by grouping as in Oligoclase j 
but to this grouping is added another, intersecting it as in Or- 
thoclase. The color varies from gray and grayish-white to 
greenish-gray. Labradorite often exhibits a beautiful play of 
colors of various hues, from the faces g^. Hardness 6. Specific 
gravity 2.68 to 2.74. Before the blow-pipe, Labradorite fuses 
more easily than the preceding species to a white enamel. It 
colors the flame yellow, and is imperfectly dissolved by hydro- 
chloric acid even when in powder. Concentrated sulphuric 
acid dissolves it with a separation of Silica. 

Saussurite is found with Diallage in Gabbros ; very tena- 
cious and very heavy j greenish-gray or greenish-white, rather 
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dull. Hardness 6.5 to 6.5. 8p6ciflo gravity 2.79 to 3. Lab- 
radorite gives rise to a calcareous clay or marl, and a soluble 
calcium carbonate. 

Anortbite ( Aluminom • calcium Silicate). — Form; a 
doubly oblique prism. Hardness 6. Specific gravity 2.75. 
Two very decided cleav^es making an angle with each other 
of 85° 48', Crystals: colorless and transparent, very clear, or 
white and translucent ; exhibit a pearly lustre upon the cleav- 
age faces. Easily fusible before the blow-pipe and completely 
decomposed by hydrochloric acid, with separation of Silica. 

UINEEAIiB ALLIED TO THE FELDSPABS. 
1. Nepheline (Aluminum-sodium-potaBsium-calcium, Sil- 
icates). — Hexagonal prism, some- ■ 
times modified upon its edges and [ 
npon all edges alike (Fig. 5). Cleav- 
age: hexagonal, imperfect. Crys- 
tals partially or quite transparent. 
Hardness 6. Specific gravity 2.6. 
Before the blow-pipe fuses rather I 
£auly to a glass; is soluble iu acids 
with a gelatinons deposit of Silica, i 

EUesolite. — FoBsesses external ^^^■'• 

characters slightly different from tiiose of Kepheline. Has a 
greasy lustre in the fracture, tending to pearly on theexferior. 
Color varies from brown, to green or red. 

2. Amphigene or Leaidte 
(Alumlnic-potassio Silicate). 
Form: trapezohedron of the 
cubic system (Fig. 6). Possess- 
es a coDchoidal vitreous frao- 
ture. Numerous butimperfeot 
■cleavages, Earely colorless 
and limpid; more often whit- 
ish and often altered to a sort 
of Kaolin with a reddish tint' 
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3, Sodalite (Alaminum- sodium Silicate). — GrystalB^tib 
a Titrecmg lustre ; oolorleaa, or from grassy green to azura blae, 
losing this color by heat ; fusible to a colorless glass ; dissolv- 
jng to a gelatinous mass in acids. Hardness 6.5, Specifip 
gravity 2.29. Form: dodecahedron, generaUy elongated in 
the direction of one of the octahedral axes. Cleavages par- 
allel to the faces of the dodeoahedron. 

4. Hauyne (GompositJon same as preceding with Sodium 
and Calcium Sulphates). — Crystals generally blue, belonging 
to the cubic system. Cleavable along tbe faces of a dodecahe- 
dron. Fnsible with difBcnlty before the blow-pipe. 

MICAS. 

(Silicates of Alumina and Potash with or without Magnesia.) 

Many Micas also contain Fluorine, Lithium, Sodium, and in 

some, very small quantities of Ctesium or Bubidium. Tbe 




primitive crystalline form is a right prism with a rhombic base 
(Fig. 7). The figure is nearly always modified npon its lateral 
edges and has the appearance of a regular hexagonal prism. 
The cleavage is quite perfect, parallel with the base, and so eas- 
ily affected that all sands and rooks which have resulted from 
the disaggregation of crystalline rooks, of which Mica is an es- 
sential element^ exhibit the thin hex^onal lamina of this min- 
eral. 

The laminffl are flexible and elastic ; the lustre is bright, 
perhaps a litUe oily, and sometimes pearly. Wh^ examined 
by the microBoope, tiie laminie readily exhibit the colored rings 
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whioh belong to crystals of two optical axes. The angle of the 
axes varies jfrom 0^ to 4P in the BiotiteSj from 5^ to 2{Pin the 
PMogqphiteSy 45^ to 75^ in the Mtiscovites. 

Muscovite Micas, very rich in magnesia/i^fase to a white 
enamel j they are not easily attacked by hydrochloric acid. 
These are the Micas of brightest lustre. They are of various 
colors, silver-white, yellowish, golden-yellow, brown, red, green, 
rose, black. They occur as an essential element in Granite, 
Gneiss, and Mica Schist. With this group should be ranked 
Lepidolite, which contains Lithium and oxide of Rubidium, and 
which colors the flame, at the moment of fusion, a purplish red. 
After fusion it is attacked by hydrochloric acid with a gelatinous 
deposit of Silica. 

Biotites (Micas rich in magnesia). — Of a black or deep 
brown color, attacked by concentrated sulphuric acid, leaving 
a residue of pearly scales of Silica. 

One variety of this class is EiibeUan, of a rose-red, opaque 
or black. The Magnesian Micas aMr more readily than the 
Potash Micas, and exfoliate in innumerable scales. 

A certain number of minerals resemble the Micas in possess- 
ing an easy cleavage nearly in one plane ; a bright lustre, often 
pearly upon the cleavage-face ^ and presenting hexagonal 1am- 
insQ which contain water, easily recognized by heating in the 
open tube. 

Damourite (Aluminum Silicate and Potassium Hydrate). — 
In whitish or yellowish scales with a pearly lustre ; before the 
blow-pipe it swells up' and fuses with difficulty to a white ena- 
mel. It is entirely decomposed by concentrated sulphuric acid. 
Specific gravity 2.79. 

Parasonite (Aluminum Silicate and Sodium Hydrate). — 
In schistose masses formed of fine scales which are yellowish, 
grayish-white, greenish ; lustre rather dull, though pearly and 
translucent. Infusible before the blow-pipe. Specific gravity 
2.89. 

Berioite. — Mica in silky soales^ forming the undulating 

*i /-v/ '^^. ^^ ' i J' '^ ' ' //':'*"■■ 
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lamin® of some of the schists. Hardness 1. Specific gravity 
2.897. Silicate of Aluminum and Potassium^ and much resem- 
bles Damourite. 

OHLOHITES. 

(Talcose Micas). Substances intermediate between Mica and 
Talc. Those wWch enter into the composition of rocks, form- 
ing, often, foliated masses. Their crystals are nearly always 
laminated, the scales being hexagonal, having a perfect cleavage 
as easy and brilliant as Mica and Talc ^ divisible into fine scales, 
flexible, slightly elastic ; leek-green or olive-green color, more 
or less blackish, somewhat rarely, bluish ; greasy, brittle ; the 
powder unctuous to the touch. Density, about 2.8. Yields 
water in the closed tube. Decomposed by concentrated sul- 
phuric acid, also in boiling hydrochloric. Before the blow-pipe 
it is more or less easily fused to a black enamel, which is mag- 
netic for the reason that it contains more or less iron. Com- 
position of Chlorite : Silica 26.88, Magnesia 13.84, Alumina 
17.52, Oxide of Iron 29.76, Water 11.33. 

The Chlorites comprise also the BipidoUtes and Ddessites. 
The others {Clinochlores), much less rich in oxide of iron, hav- 
ing a density always less than 2.8. They are less easily fusible 
before the blow-pipe where several of their varieties exfoliate ; 
their color is green, resembling that of the emerald. Their op- 
tical characters are of the oblique system, with a rhombic base, 
but their exterior properties are not distinguished from the pre- 
ceding. They are decomposed by the aid of concentrated hydro- 
chloric acid after a prolonged boiling i more easily by sulphuric 
acid. 

Finally we have the Pennines, having optical form and pro- 
perties of the rhombohedral system ; they have also a basic 
cleavage, greasy lustre and the general properties of the Chlorites. 

Ottrelite (Hydrated Silicate of Alumina, Iron and Magne- 
sia). — Crystallizes in hexagonal tabular plates ; cleavage par- 
allel to the base ^ blackish-gray color ; lustre a little greasy^ 
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somewhat translucent ^ density greater than 4; harder than the 
point of a graver's tool j fusible with difficulty to a blacky mag- 
netic enamel ; decomposed by boiling sulphuric acid. 

Pyrophyllite (Silicate and Hydrate of Alumina). — Contains 
sometimes a little Magnesia or Iron oxides 3 is found in right 
prisms with a rhombic basC; cleavable and elongated parallel to 
the base 5 assumes, before the blow-pipe, considerable volume, 
spreading out like a fan without completely fusing j yields water 
in a closed tube, and is but slightly attacked by sulphuric acid. 
It has a greasy lustre, a white or greenish-white color 5 soft j 
yields an unctuous powder ; exhibits the flexibility and want 
of elasticity which distinguishes Talc. 

The Fagodite of China, and the FaropMte of Canada, are sub- 
stances equally talcose in theirnature — being Silicates of Alum- 
ina with more or less Magnesia. 

TALO AND STEATITE. 

(Hydrated Silicate of Magnesia). Silica about 62% j Mag- 
nesia, 32% to 33% 5 water 48%. 

1. Crystallized Talc. — Hexagonal laminae derived from 
a right prism with a rhombic base, with angles — as in the 
Micas — 6{P and 120^; greasy to the touch; non-elastic j 
greenish-white, silver-white, or a leek-green color. The base 
is cleavable and has a pearly lustre. Powder or streak is 
white ; hardness 1. 

2. Massive Talo Steatite. — In granulated masses ; in ag- 
gregated laminae fibers; radiated; schistose. Before the 
blow-pipe, the laminated Talcs exfoliate more or less j they fuse 
with difficulty upon the edges to a white enamel 5 yield a little 
water in the closed tube ) not attacked by acids. 

AMPHIBOIiES. 

All the species of this group crystallize in oblique prisms 
which cleave parallel to their faces (mm) under an angle of 124^ 
11^ to 1240 3(y. Generally the crystal is modified on its lateral 
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edges, and terminated by the base, which latter is modified 
upon its posterior edges in such manner that its form resembles a 
hexagonal prism, bearing a rhombohedral summit, similar to 
that of Tourmaline ; but the measure of the angle of the three 
terminal facets serves to distinguish the form of the crystal. 

Tremolite (Magnesium and Calcium Silicate). — Hardness, 
6 to 6. Specific gravity, 2.9 to 3. Colorless, white, apple- 
green, or gray^ often fibrous with a silky lustre. It fuses 
easily with a slight ebullition to a white semi-transparent glass, 
not attacked by acids. The Jade of China has a greasy lustre ; 
exhibits a scaly firacture 3 is of a whitish color, more or less green- 
ish ; and is a cohipact variety of Tremolite. 

Actinolite (Iron, Magnesium and Calcium Silicates). — 
Isomorphous with the preceding. Density, 3 to 3.2. It is 
found in greenish masses, radiated in Mica schists. 

Hornblende. — Composition, analogous to the preceding, but 
containing Alumina. Black when in large masses, but deep 
green or brown when in thin laminae. One variety, ParffctsUef 
is of an olive-green or greenish-black, and sometimes of a deep 
blue. The powder of Hornblende is a greenish or brownish 
gray. Hornblende presents itself quite frequently, in rocks, in 
fibrous crystals which have the appearance of wood-charcoal| 
but in which may be perceived the two cleavage-planes which 
have an inclination of 124^, and present a brilliant vitreous 
lustre when turned successively toward the light. In those 
rocks in which it appears as an essential element. Syenites, 
Diorites, Andesites, etc., its powder is greenish-gray. In Basalts, 
where it appears as an accidental element, the powder is gen- 
erally brownish. Hornblende fuses to a black enamel, and is 
attacked by acids when it contains much iron. 

PYROXENES. 

(Bi-Silicate of Magnesia, or its isomorphs). 
Diopedde (Calcium and Magnesium Silicates). — Color- 
lesS; white; pale green, olive-green, grayish-green. 
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HedenlKi^te (Calcium and Iron SUioates). — Fuses to 

a black masB more or less Magnetio. 

Aogite (Calcium, Magnesium, 
Iron, Aluminum, Silicate), — ^Thia 
species contains about 8% of 
Aluminum. Either black, gre«n- 
Ish-blaok, or brownish-black. The 
powder is gray ; sometimes slight- 
ly yellowish, or greenish ; it fuses 
irith more difficulty than Horn- 
blende to 8 black mass, more or 
less scoriaceous. Fracture, con- 
ohoidal. Density, about 3. Hard- J 
ness, a little less than 6. Contains 
about 50% of Silicate. 
Form: monooliuio prism; {mm = 87° 5'); cleavage diffi- 
I cult, following the faces m. Figs. 8 and 
9 show the ordinary forms of Augite. 
Fig, 10 shows the ordinary form of Hom- 
1 blende. It also shows by the ellipses 
I drawn on the faces of the crystal, the 
] position of the axes of thermic oonduot- 
I ihility of Hornblende. If a little melted 
I tallow be smeared upon the faces of these 
I crystals, it will, in cooling, exhibit the 
I figures represented in the diagrams. The 
I elliptical figure on the face ^, in the Am- 
Fig. 9. phiboles, has its longer axis inclined only 

4*3 or 5° to the vertical edge. Upon the base, the longer axis 
is directed to the right and left, while in the Pyroxenes the longer 
axis is at right angles to this direction, 

Augiti and Hornblende are easy to distinguish, when they 
are crystallized. In the gnlDular varieties, Hornblende is 
always laminated, slightly fibrous, and the two cleavages, 
with their angle of 124°, may be perceived. The grdns of 
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Pyroxene liaTe, in general, » vitreoiu 

I conohoidal fracture, a lustre slightiy 

greasy, and raruly showing tlie oleav- 

ages which make between them an 

I imgle of 90Q. 

In the fine-grained varietieB, tlie 
distinction is more difficult Horn- 
blende is more fusible than Augite. 
I Its powder is deeper in color, green- 
ish or brownish. When those two min- 
I erals are found intimately mixed with 
others — ^Feldspar, for example— and 

forming paste in Porphyry, they may b 

oases by means of a magnifying glass. 

In lamina) thin enough to be trans- I 

parent, the microscope enables one I 

to recognize the angle &^ &j of Augite, 

or the fibrous laminie of Hornblende. 

If such laminae be seen through a 

crystal of Iceland spar, Amphibole I 

exhibits two images whose colors | 

vary from yellow to brown, or green, 

or violet, accordmg to the faces which are presented to the 

plate. Augite, under the same oondiilona, exhibits greens and 

yellows, and their combinations. 
Smarogdite. — An assemblage of crystalline lamhise of 

Amphibole and Pyroxene, alternately placed ; of beantifhl green 

color, and more or less clear. 

Olivine, or Peridot (Iron and Magnesium Silicates). — A 

right prism with a rhombic base. Hardness, 7 ; density, 3.4 ; 

conchoidal fracture ; color, greenish-yellow to olive-green. The 

Tariety so abundant in certain basalts is granular, and of a more 

or less deep green color ; often in the very ferruginous varie- 
ties, the colors aro a dirty red or brown. Olivine is infusible 

before the blow-pipe ; reduced to a fine powder, it forms a gela- 

tinouu mass with acids. 
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BnetaUte (Kagnednin Silicate vith a little Iron). — Oleav- 
age parallel to the faces of a right prism with a rhombio base, 
vhoae angle is about 93°. Only fusible vHb great difSenlty 
before the blov-pipe ; has a density of 3.9 ; pearly lustre, some- 
vhat fibrous aspect ; of a grayish, yellowidi or greenish-vUte 
color ; the powder is quite gray. Not attacked by hydrochlorio 
acid. 

Brtnusite. — Differs irom the above only by qoalitatiTo com- 
position, containing a certain amount of itoa ; it has a brighter 
Instre and is almost metallic npou the cleaTage-foee. It is of a 
bright yellow, brown or oliye-green. Not attacked by adds. 

Hyi>er8theiie.— </onttuns as much iron as magnesia. It is 
dlstjngoished by a lively red-brown color with a coppery lustre 
on the cleaTage-faofl ; it ftises to an c^iaqne greenish-gray glass. 

DIaolaBite. — Bronzite slightly hydrated, yellowish or 
greenish-^ray ; harduesB, 3. 6 ; fuses easily to a brownish-green 
enamel ; not acted npon by acids. 

DlallEmie (Calcium and Magnesium Silicate). — A variety 
of Pyroxene dlopside. It differs &om the related minerals by 
its imiqae and perfect cleavage parallel to the face h\ of whi(Ji 
Uu lustre is bright, sometimes pearly, often metallic, bearing 
some resemblance to the Micas. Diallage is yellow, yellowish 
or. greenish-gray, or brown ; is feebly translucent at the edges. 
Eardnras, about 4. Density, 3.75. Is not attacked by acids. 
Is fumble with difficulty before the blow-pipe. 

Ooardlarite or Ditdirolte (Alum- ■ 
innm, Calcium, and Magne^um Sili- 
cates). — It crystallizes in six-sided I 
prisms, derived from the right prism 
wltJi a rhombio base. Hardness 7.5. 
Density 2.6. Fusible with difficulty I 
t^on the edges ; not easily attacked 
I^ acids; has a vitreous fracture; 
when seen by transmitted light, it is I 
azure blue m one direction, and gray- ^' ^ 

iah or yellowish in the other. 
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Finite nseubles Oordieilte In form and coinpodd(m,biit pos- 
Beeses a hardness of only 2.5, vith a density of 2.8. It has, gen- 
erally, a greasy lustre and an amorplious stracture. 

HraSEAIi SFEOIEB TTHICE AFPEA£ OCCASTOITALLT AS ESSEN- 
TIAL ELEMENTS 0? BOCEB. 

TopOB (Aliuninam, Silicate and Fluoride). — It has a bril- 
I liant vitreous lustre ; of yellow or reddish- 
yellow color, generally ; sometimes of a 
e color. The Topaz of Siberia is 
bluish or greenish - white ; hardness, 8 ; 
density, 3.5 ; has a basio cleavage and is 
infusible before the blow-pipe. Ks crystal 
1 is an orthorhomhio prism ; m»m=1240 17'. 
Tourmaline (Aluminum, Sodium, Uag- 
[ nesium, Boro-Silicate). — Some spedeB 
contain much iron, and are distributed 
through the rocks. It crystdlizee in 
prisms of from 9 to 12 faces, terminated 
by rhombohedral summits. The crystals 
e generally black, but the powder of the 
crushed muieral is brown. Hardness 
slightly greater than that of Quartz, Den- 
sity 3.2. Fuses to a black scoria. 

Epidote (Calcium and Aluminum Sil- 
icate, containing more or less Iron).— 
Form : oblique prism with a rhombic base ; 
iA'=115° 27'. Cleavage perfect, parallel 
to jp. Color; green, sometimes yellow, 
I ved, or brown. Hardness 6.5. Density 
3.3 to 3.46. 

Before the blow-pipe, Epidote fuses with intumescence to a 
black mass, which is generally magnetic. Hednces to a Jelly 
In acids, only ailer calcination. It occurs in various forms : 
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aoicular, fibrous, granular, oompact. 
rocks, it is the pistachio-green color that pre- 
dominates. 

Qamet.— This group contains a great num- 
ber of species ; the dominant fonns are, rhom- 
boidal dodecahedrons, trapezohedrons (Fig. 16} 
and a combination of the two. Hardness, about 
the same as Quartz. The lime Alumma gar- 
net, called grossulaire, has a vitreous lustre; 
a greenish, sometimes white color ; easUy fasi' 
ble to a greeniali or grayish glass; easily 
attacked by hydrochloric acid ; forming a jelly after fusion. 
Fj/rc^, ihe Magnesia Alumina garnet, sometimes contuns 
duvmiain; is of a blood-red color; fusible before the blow- 
I pipe; not attacked by acids. 
Alntandite, the Iron Alumina 
garnet, is of a red, or brownish- 
red color; varying firom trans- 
parent to tran sluoent and opaque ; 
■ fusible to a globule, often mag- 
netic. Density bom 3.8 to 4.2. 
Forms a jelly in hydrooUorie 
acid after fosion. Lime-Iron garnet, Melanite; black ; fuses to 
a bottle^reen globule. A variety of this, called Topaeolite, is 
of a olear yellow color. Still another varie^ of yellowish- 
green color called Aplmae or JeHetUe, is fusible to a black glass 
very m^;netio. 

atanrotide (Alumi- 
num and Iron Silicate). 
— Crystallizes in right 
prisms with a rhombic 
base, and generally in 
pturs, orosshig each other 
(Fig. 18). Deep brown- 




Fig, le. 
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ish-red color ; infusible before tiie blow-pipe; insolable. Den- 
sity 3.7; Hardness 7.5. 

Audahiedte. (Aluminum Sill' 
I Gate). — ^Fonn; i^ht prism vltb a 
rhombic base, vith an angle of about 
I 91°. Infusible; insoluble. Den- 
sity 3.14. It will scratch Quartz 
I when the crystal is pure, but is 
J generally earthy in structure and 
l^more or leas friable. Tbecrya-p^ 
I tals often envelope fragments of ' , y 
Fig. 18. the rock in which they are fonnd.' ' 

7 These fragments are often regularly ar- 
' ranged as in Figs. 10 and 20. 

Sphene (Calcium Silico-Titanate). Fbrm: 
monoclinio prisms generally grouped. Tha 
group generally has a triangular section and 
bears some resemblance to a little boat. Solnblo 
hi ooncentrated sulphuric acid, when reduced 
to powder; fuses with intumescence before 
the blow-pipe, 
about 3.5. 

Tig. 10. 



'^^ 



Fig. la. 
Hardness 5.5. Density 



PART SECOND. 



CHAPTER L 
FELDSPATmO BOOKS. 

1. (Sranite : An aggregation or assemblage of crystals of 
Feldspar, Quartz, and Mica. The principal species of Felds- 
par is Orthoclase. Color : white, grayish-white, yellowish, red- 
dish, rose, flesh color or deep red; rarely green. It is distin- 
guished by its even and brilliant fracture, its pearly lustre, and 
by its outline, which is seldom regular, but in which may be 
recognized rectangles and parallelograms. Quartz is always 
found in irregular, angular grains ; color : white, smoky, gray, 
very rarely bluish or red; has an uregular fracture and a 
vitreous and greasy lustre. Under the microscope, it appears 
to be full of minute cavities, which contain, according to Sorby, 
water holding in solution chlorates or alkaline sulphates. Mi- 
ca is made up of laminae, often hexagonal, brilliant, white or 
black, rarely of a yellow, gold, or green color; always easily 
detached by means of a penknife, in little elastic scales. The 
potassic Micas appear more frequently, than the magnesium 
Micas. 

Orthoclase is often accompanied by Oligodase of a grayish- 
white or greenish-white color, less transparent, richer in soda, 
havmg a more or less greasy lustre. 

The name of Granitite is proposed for the granite of Riesen- 
gebirge, which is characterized by the abundance of Oligoclase 
and the scarcity of Quartz. The granite of the Isle of Elba 
offers analogous characters : Orthoclase of a flesh color ; white 
Oligoclase, with a brilliant lustre upon tne face made by the 
fracture; Mica in black laminae; little Quartz. It is much 
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the same with the granites of Brittany and Normandy. This 
distinction has not been generally admitted. 

M. Delesse has obtained the following proportions for the 
red granite of Egypt : red Orthoclase, 43 5 white Oligoclase, 9 ; 
QuartZ; 44 ; black Mica^ 4. 

M. Durocher (Becherches swr la crtfstaUization des roches 
granitiquesj has given the relative quantity of the elements of 
several granites : — 

Granite of Becanne: Feldspar, 45% ; Quartz, 35%; Mica, 
20%. Granite of H^d^, same class : Feldspar, 20 ; Quartz, 20 ; 
Mica, 60. The density of granite is from 2.6 to 2.7. The 
oxygen of the Silica being taken at unity, that of the bases is 
about 2.6. 

Accessory elements : Talc fprotogenic granite J ; Chlorite 
(chhritic granite) / Hornblende (syenite granite) ; Tourmaline 
(tourmaline granite) ; Ferniginous Granite, in scales 5 Cordierite 
(cordierite granite) ; Piniie, in prisms with numerous lateral 
faces, of a yellowish-gray, or green color 5 Albite, of a milk-white 
color ; Epidote (ejpidote granite), in small acicular crystals of a 
yellow or green color j Crrajphite, in laminae, very soft and 
brittle, which replace a more or less great part of Mica } also 
the following gems : EmeraM, T<ypaz, Zircon, Gurnet, etc. 

Varieties : Homogeneous granite, in the mass, whose mineral 
constituents preserve the same dimensions throughout. Por- 
phyritic Granite, in which certain crystals of Feldspathic Orth- 
oclase are more developed than others, and often of another tint, 
or of a different lustre, thus giving the aspect of porphyry. 
Regarding the. size of the constituents of granite we can distin- 
guish as coarse granites those in which the crystals attain the 
size of the fist; and those as fine-grained in which the crystals 
are only the size of a millet seed. 

The name of Beresite is given to a granite which is poor in 
Mica and is altered. M. Pisani has given that of Luxuliane to 
a porphyritic granite of Luxulion, in which the Tourmaline, in 
prisms of a deep green color, is associated with red Orthoclase 
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which takes the place of Mica. The minerals which are found 
in granite are not very abundant, but the species are very num- 
erous. The following may be cited, Andalousite, Allanite and* 
Gadolinite ; Oxide of Tin, Epidote, Fluorite, Garnets, Native 
Gold, Ortlude, Pyrites, Tourmalines, Uranite and Chalcolite j 
Wemerite, Zircon, etc. 

Granites constitute the largest system of massive rocks that 
traverse the crystalline Schists, and often the transition systems. 
Enclosed at their base in these systems, they extend above the 
over-lying systems in vast peaks and ridges ; they also form 
dikes or veins such as are found in the Melaphyre. They pre- 
sent also the characteristic trait of throwing out very complex 
ramifications which anastomose, so to speak, among themselves 
within the mass of the encasing rock. They are more rarely 
found in the upper primary rocks, and have only a slight impor- 
tance in the secondaries. 

2. Breccia granite. Fragments of granite ordinarily angu- 
lar, often very large ; united by a natural cement also grani- 
tic, but different from granite m grain and the proportion of the 
essential minerals, above all of Mica. 

3. Conglomerate granite. Fragments of granite, gener- 
ally rounded in form, often very large, united by a cement of 
an argillaceous nature. 

4. Granitic Sand. Sand formed of the elements of disin- 
tegrated granite. 

5. Protogine (Protogine gneiss, Protogine granite). Tal- 
cose granite. This is a granite in which, more or less. Mica 
is replaced by a Talcose mineral and Clinochlore. 

Essential Elements : Feldspar, Quartz, Talc or Chlorite. In 
the Protogine of Mont Blanc, the Feldspathic Oligoclase is 
white or grayish-white, dull and laminated 5 often in large crys- 
tals with very regular contours. The Quartz is presented in 
grains of a smoky or violet-gray color 5 the Talc, in small 1am- 
hise more or less irregular, of an emerald-green, or sea-green, or 
gray oolor; very brittle and unctuous to the touch, especially 



40 DETESIOKATION OF BOCKS. 

when rednced to powder. Mica rich in iron, which is perhaps 
a Clinochlore, forms greenish laminsB, sometimes slightly greasy 
•to the touch. Ollgoclase is the most abundant Feldspar. Ao- 
cording to M. Delesse, Silica forms about 75% of the rock. 
The more abundant is the Quartz; the more granular is 
the rock. An excess of Talc makes the rock schistose. 
The proportion of the Oxygen of the bases to that of the Silica 
is 0.25. M. Durocher estimates, in the Protogine of Savoy, the 
Feldspathic proportions at 50% ; Quartz 35% ; the remainder 
being Chlorite and Talc. In a Protogine of the Eastern Pyr- 
enees, Feldspar is estimated at 45% ; Quartz 30 ; Chlorite and 
Talc at 25%. Protogines often become schistose and pass 
into Chlorite schists. 

In the Protogines of Tarascon, Durocher found 65% of 
Feldspar ; 30 to 35 of Chlorite ; and very little Quartz. 

6. Pegmatite. Assemblage of Feldspathic Orthodase, lami« 
nated, white, yellow, green, red, etc., showing rectangular cleav* 
age-planes often clearly crystallized. The Quartz is also crys- 
tallized in elongated prisms with six sides, terminating in pyra- 
mids with six faces, more or less regularly developed ; and 
sometimes, but more rarely, double pyramids with six faces. 

The Quartz in crystallizing, seems to have been forced to 
fill the place left by the Feldspar. The individual crystals of 
Pegmatite are sometimes of enormous volume. In other vari- 
eties they are reduced to the ordinary dimensions of granite. 
This rock is nearly 78% Silica. In the variety of Pegmatite 
known as graphic^ the crystals of Orthoclase are crossed by 
those of Quartz. The latter are elongated, parallel, and distrib- 
uted in the Feldspathic mass, in such a manner as to resemble 
hieroglyphic characters. 

Accidental elements: Tourmaline, TopaZj AUnte^ Berylj 
Oarnetf Gadolinite, Orthite, Apatite, Columbite, etc. 

Pegmatite forms veins in gneiss, granite, and leptynite. 
The Feldspar is often altered ) it is then the most valuable 
kind of Kaolin. (Saint-Yrieix, near Limoges.) 
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7. Leptynite. Wdssteinj Granulite. A gramilar mass; 
sub-crystalline ; often compact 3 formed of white, grayish, yel- 
lowish, or reddish Orthoclase. The facets of this rock are 
analogous with those of sandstone, but it fuses to a white enam- 
el. Often it becomes schistoide and exhibits cavities with gar- 
nets or grains of lamellar Quartz, arranged in parallel planes. 

Accidental elements : Mica {passing to gneiss); blue Disihene; 
JEpidote ; AmphtboUj and lilach Tourmaline. 

Leptynites which are rich in Quartz and Mica, may be regard- 
ed as the last degree of obliteration of granite. 

8. Harmophanite. Cordier. This may be Orthoclase lam- 
inated in rocks, but it is more often a variety of Pegmatite, 
poor in Quartz. It fuses before the blow-pipe to a white en- 
amel. 

9. Labradorite. This name is given to masses, more or less 
fine-grained, derived from the Diallage or Hj^ersthene rocks, 
from which the elements, other than the Feldspar, disappear 
little by little. The Labradorite presents itself with its striae 
and characteristic lustre. It is easily fusible before the blow- 
pipe. 

10. Foyaite. (Foyait). An aggregation of white, 'grayish, 
or bluish Orthoclase ; reddish ElsBolite, in hexagonal or rect- 
angular sections, with a greasy lustre; and Hornblende in 
grains of a greenish-black. It is about the texture of Granite. 

Accessory elements : Brown Mica ; Sphene ; Pyrites. 

11. Miascite. A granular aggregation of grayish-white Or- 
thoclase; Nepheline (a variety of Elaeolite), with a greasy lus- 
tre ; black Mica, mixed often with grains of a beautiful blue 
color, resembling Sodalite. 

12. Ditroite (Ditroit). A granular mixture of Orthoclase^ 
Elseolite, and blue Sodalite. 

Accessory elements: Oligoclasej gray, or reddish-yellow; 
Mica; Sphene; ^xiAUach Hornblende. 

13. Oordieritfe la. (Syn. JDichroitfels). A granular mixture 
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of Oordierite, Feldspar, and Garnet, in veins in the Granite of 
Kriebstein (Saxony). 
Accessory element : Mica. 

14. Kinzigite. Garnet and Cordierite. 
Accessory elements : Oligoclase, and Microcline. 

15. Gneiss. Gneiss is composed principally of Feldspar, 
Mica, and Quartz. It is distinguished from Granite by its schis- 
toide texture. Quartz, quite difficult to distinguish in some varie- 
ties, is, nevertheless, found in small grains, grayish in color, and 
somewhat worn; Feldspar, associated with it, differs little 
in aspect ; Mica occurs in laminsB, often black, dividing the 
rock in parallel layers, plane or contorted or even folded in zig- 
zags. 

Notwithstanding this structure, the rock is not easily split 
into parallel layers. It is not easy to distinguish, mineralogic- 
ally, Gneiss from schistose Granite ; but, geologically, the latter 
is connected by insensible variations to Granites — having a 
granitoide texture, so to speak — ^which occupy the exterior lim- 
its ] while, in the Gneiss proper, the entire mass is schistose. 
Further, Gneiss appears to contain, generally, only one kind of 
Feldspar. This is true at least of the gray Gneiss, composed of 
Feldspar, grayish Quartz and black Mica. In the red Gneiss of 
Saxony, which owes its color to Orthoclase, are also found 
Oligoclase and Albites. A great number of the latter are re- 
garded as eruptive rocks. 

Quartz appears to form about one fourth of Gneiss in general, 
and the Mica is in quite variable proportions from 10 to 30%. 

Mica seems to be very abundant when the fracture is parallel 
to the surface upon which it is distributed ; but when the frac- 
ture is perpendicular to this surface, it is seen to be in much 
smaller proportions. The Feldspar is often collected in re- 
niform masses, here and there in the mass ; and the Mica in 
nodules. The density is from 2.6 to 2.7. The proportion of 
the oxygen of the bases to that of the Silica, varies from 0.21 
(Gneiss of Sweden) to 0.3 (Gneiss of Fribourg), and is some- 
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times as high as 4. The gray Gneiss contains 66% of Silica^ 
and the red Gneiss about 75. 

Accidental elements : Talc {Protogenic Grneiss), Garnet, Hort^ 
blende {Syenitic Gneiss) j Cordieriie {Cordierite Chteiss), Graph- 
ite {Graphitic Gneiss); Cdk-Spar ; Oxide of Iron; Fyritea; 
Epidote ; Sphene ; Zircon ; SpineUe ; Sapphire ; Disthene ; Stau- 
rotide; JRutile; Molybdenite, etc. 

Certain varieties of Gneiss do not possess the property of com- 
plete lamination ] they are split with difficulty and sometimes 
exhibit a somewhat fibrous structure. In general it forms in- 
ferior strata of earthy crystalline schists. 

17. Burite (PetrosHeXj Felsiffels in part, Hdlleflinte, Horn- 
fels in part). — ^A compact mass formed of Potassic Feldspar of 
a grayish-white, yellowish, greenish, reddish, black, or brown 
color. The fracture is usually conchoidal, and resembles cer- 
tain agates or chalcedony ; but Eurite is always fusible } some- 
times as much or even more so than Orthoclase itself, sometimes 
less so. The enamel which is produced by fusion is sometimes 
pure white, and sometimes marked with small spots of black or 
green. Eurite containing a great deal of Silica has, sometimes, 
a slightly vitreous aspect ; is harder than Feldspar. 

Certain varieties contain a little Mica which is ordinarily dif- 
ficult to distinguish without the aid of considerable magnifying 
power. Eurite is found in stratified masses in the midst of 
gneiss or crystalline schists. They correspond, in part, to 
Homfels. 

18. Quartziferous Porphyry; (Felsitporphyry ; Forphyre 
PetrosUicietix ; Forphyre euritiqtie ; Forphyre gra/nitoUde), 

The small crystals of Orthoclase and Oligoclase, embedded in 
the matrix or paste, may be observed without the aid of a lens ] 
also the crystals of (^uarUs. The density varies from 2.5 to 2.6. 
The proportion of the oxygen of the bases to that of the silica, 
varies from 0.16 to 0.259. The paste, of a dirty brown, or 
greasy red, is, in a fresh fracture, of a greenish, blackish, gray- 
ish-white, deep green, or brown color, rarely of a lavender blue. 
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There are two rarietles : {1). It is always oompaot andhaving 
a oonchoidal fracture. (2). It is soratohed with difficulty by 
Qnarf-A, and is less easily fused tlian Feldspar. 

AooordiDg to M. DelCBse, it is richer in Silica than Orthoclase 

I itself, and consists in a combination of Silica, 
Alumina and the bases of the rook. The second 
variety of paste is dull and colorless, having an 
unequal fracture, a fine-grained and crystalline 
structure. They are shown by the microscope 
to bo fine crystals of Orthoclase and Quarts. 
The crystals of Orthoclase are white, yellow or 
fiesh color ; they have a pearly lustre upon the 
cleavage-foces, and a dearer color than the pasta. 
Those of Oligoclase are hard, dull, of a white 
or gray color. They are mixed with the pre- 
ceding — enveloping and surrounding them. 
Feldspar sometimes passes to the condition 
of ochre, or else it disappears and leaves a cavity. 
The Quartz is in double pyramids of six facee, 
often slightly rounded; or in irregular grains with 
a vitreous, slightly greasy lustre. It is often 
Pig. ai. full of minute cavities which contain liquid. 
Accidental elements : Mica, in hexagonal tablets in prisms of 
• deep black, or sombre brown, or yellow ; someiimes ampMbole 
hornblende in small black prisms. Certain porphyries of F^nig 
(Saxony), from the middle of France, from the Vosges, etc, 
become true, pinitiferous porphyries, in which pinite occurs in 
crystals ; the Finite often decomposes and gives the aspect of 
bees-wax of a greenish-yellow color. Finally, porphyry con- 
ttuniug, sometimes, crystals of Pyrites, of Fer oligiste, or Tale 
poorly represented, ofDiaHage and of microscopic Uagnetite. 

Some lithologists form a species in part of Granitoido Por- 
phyry ; a variety in which the crystals are so numerous that 
they are not easUy distinguished from the paste or matrix. 
The latter Is often colored green by Chlorite, with which it is 
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Intimately mixed. It often includes Hortiblende, also, which 
perhaps gives rise to the green color ; it has a crystalline struc- 
ture, and the ordinary elements of granite may be distinguished 
with a low magnifying power. Porphyries form mountains of 
a savage aspect, with steep sides and ragged crests, often bris- 
tling with sharp pinnacles. 

Varieties of structure and texture : QuariziferatM Porphyries 
properly caUed, Masses divided into hexagonal prisms, and 
right or oblique parallelepipeds. Schistose Porphyries. The 
Quartz in this, is in veins, in their parallel laminse ; plane 
f Papier Porphyry J or undulating flAgniform EuriteJ, Perhaps 
the schistose appearance arises from the different colored paral- 
lel bands. 

CeUularj or Porous Porphyry with amygdaloidal cavities. OdUr 
tic or SphertUiUc Porphyry is in rounded masses from the size of 
a walnut to that of the head ; the centre of which is filled with 
agate or some other crystallized substance. With this variety 
is classed Porphyre Pyrom^ride (P. orbiculaire, P. Napoleon) 
of Corsica, which consists of an Euritic paste, enclosing globules 
of a radiated texture, in which Orthoclase and Quartz may be 
more or less easily distinguished. 

Dikes of Porphyry abound in the carboniferous rocks. Their 
outcroppings, numerous still in the Permian, become more or 
less rare in the upper formations ; they appear t.o terminate in 
the Cretaceous. Sometimes, at the point of contact with the 
enclosing rock. Porphyry exhibits a schistose structure. 

19. Porphinries poor in Quarta or non-Qnartzifbroas 
CQiuzrjsfreier OrthoJdasporphyrJ. — ^Density from 2.63 to 2.76. 
The proportion of the oxygen of the bases to that of the Silica 
is 0.3. The rock consists of a matrix of compact Feldspar 
enclosing crystals of Orthoclase, Oligoclase and Albite. 

Its exterior characteristics only differ from those of Quartz- 
iferous Porphyry in the absence of Quartz crystals. The paste, 
which is easily fused, is generally of a dark color, more or less 
porous, inclining to a dirty blue-violet, a reddish-gray, a bluish 
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brown or a chocolate-brown color. Often with the Feldspar is 
a deep brown or reddish-green Mica. 

20. Argilophyre belongs with the non-quartziferous por- 
phyries. It has an earthy aspect, clayey, porous, full of minute 
cavities, easily scratched with a steel point, and appears to owe 
its properties to a change, partial at least, in the Feldspar. It 
is fusible only on the edges 3 is usually massive, and sometimes 
schistoide. It passes into Pechstein or Eetinite. 

21. Brecciated Porphyry (Porphyry Breccia, ForphyrUic 
Breccia), — ^In certain cases the mass of Porphyry has been 
broken during its uplift, and the angular fragments have been re- 
united by an euritic cement, more or less abundant, of a brown, 
red, bluish or greenish color. The rocks of this nature cover the 
Porphyries proper, and sometimes alternate with them. At the 
point of contact of Porphyries and the encasing rock, a debris 
of angular masses has been formed by the abrasion during the 
uplift. 

22. Porphyritio Conglomerates. (Porphyry Conghmer- 
ate), — ^Porphyry in rounded fragments, united by a cement of 
which water has been the solvent. They may be classed for 
the most part with Psephites. 

23. Euritine. Gordier. Feldspathic Sandstone. Clay. A 
sort of sandstone con^)osed of very fine opaque and fusible 
grains of Feldspar and siliceous cement, mixed or not with clay 
or lime. The colors vary from a yellowish-gray to green and 
violet, sometimes giving the rock a striped appearance. Some 
varieties are mixed with Chlorite. 

Euritine forms beds in different, sedimentary formations. It 
is often found in the neighborhood of Porphyries. We may 
class here, also, Horf^elSj Feldspathic or micaceous sandstone 
of microscopic elements confusedly mixed, but, here and there, 
distinct. 

24. Oligophyre. Porphyry with Oligoclase (Porphyrit, G. 
Sose). — ^The paste is of a green, brown, or red color ] some- 
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times bluish or smoky gray ; fusible with difficulty before the 
blow-pipe. 

Essential Crystals : Oligoclase, white, yellowish, or reddish, 
nearly opaque, containing G2% of Silica. 

Accessory Crystals : Amjp7iU>dley laminated or acicular ; blach 
Mica, in scales ; black Aitgite. 

Varieties : Oligophyre proper. Proportion of Silica 61 to 64%. 
Brown paste ; conchoidal fracture j very large striated crystals 
(at Boulouris). 

0. quartziferous. The preceding with Quartz in dihexahe- 
drons. 

0. amphiboljferous. Crystals of Amphibole in smaller quan- 
tity than Quartz and Oligoclase. 

In the Red antique Porphyry, according to M. Delesse, the 
Feldspar, of a white, reddish, or rose color, is allied to Oligo- 
clase rather than to Labradorite, and contains 59% of Silica and 
55% of Lhne. The paste is red (64% of Silica), or violet (Sil- 
ica 62%). The amount of peroxide of Iron in this paste is about 
8%, and the density 2.763. Besides Feldspar it contains Horn- 
blende in small scattered crystals, and Quartz in irregular veins. 

0. mih chlorite, Syn. Frotogenic Porphyries. The Porphy- 
ries of Lessines and Quenaast (Belgium) are composed of a green 
paste, colored by chlorite, in which crystals of Oligoclase may 
be discerned, a little Hornblende, and carbonates of Lime and 
Iron. In the Porphyry of Deville (Ardennes) the Feldspar ex- 
ists in large crystals. 

0. Micaceous. Porphyry of Schirmeck (Vosges), with crys- 
tals of Oligoclase and plates of Mica. Density 2.686. Propor- 
tion of SiHoa, 65.74% (Delesse). 

0. Augitic. Porphyry of Chagey. Very strongly magnetic* 
Paste of a deep green. Density 2.74 j fusible, and has 61.71% 
of Silica. 

Accessory minerals : Cubic Pyrites / Ej^te y Ferrugvnous 
ChlorUe. 
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Tridymite has been discovered, by aid of the mioroscopei in 
some varieties of Porphyry. 

GROUP OP TRACHYTIC AND VITREOUS ROCKS. 

26. Trachytes.— They differ only firom Eurite and Euritio 
Porphyries by the characteristics of texture. They are com- 
posed of grains, often fine, enclosed with Sanidine or vitreous 
Feldspar, leaving spaces between them, which gives them a 
porous texture, an irregular fracture, an uneven aspect and a 
rough feel. The lustre is dull, often becomes quite argillace- 
ous in certain varieties, and is semi-vitreous. They contain 
from 60 to 62% of Silica and more Sodium than Potassium. 

The dominant colors are yellowish-white, greenish-white,* red- 
dish, gray ] rarely bluish. The essential Feldspar is vitreous 
Orthoclase (SanidineJ, of a white or yellowish-white color, a 
brilliant lustre, but is not as limpid as Adularia, by reason of 
its interior fissures, which are observed to be more and more 
numerous as we magnify them. They often present themselves 
in large tabular crystals flattened on the face. 

Forjphyritic Trachytes. The following may be found in the 
Trachytes as accessory minerals: Oligoclase Hornblende, in 
short prisms and brilliant black crystals ; brown or black Mica 
in hexagonal laminse (Micaceous Trachyte J ; MagneUc Irony or 
Titanic Iron Ore, 1 to 2% ; and, finally, SodaHite and Spheneas 
accidental elements. 

These are the characteristics of the Trachytes proper. Some- 
times the proportion of Oligoclase is the same as in Sanidine 
(Trachytes of Drachenfels, Sanidine OUgodase-Trachitey of 
Both, gray, brown ; in the mass of which the two species of 
Feldspar appear slightly distinct, one from the other, under the 
form of crystals or grains, and in which the proportion of Silica 
is about 66%). 

Domite is a Trachyte of Puy de D6me ; friable, having an 
earthy aspect, gray, dull, in which crystals of Feldspar may be 
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distinguished, which are large and brilliant, and which hold Silica 
in the same proportion as the true Trachjrtes 5 but several lith- 
ologists have discovered, by the aid of the microscope, numer- 
ous grains of quartz which assimilate them to the Trachytes 
of the Drachenfels. The Tephrines are Trachytes, the paste of 
which has become tarnished and dull by alteration. Ex. Teph- 
rine of Hungary (containing Opal). 

Finally, there are other varieties also curious : 

GldbiiUms Trachytes ; Spherulitic Trachytes^ the paste of which 
is full of minute cavities 5 Brecdated Trachytes composed of an. 
gular pieces of this rock, of different colors, in a paste of the same 
nature. 

26. Sanidopli3rres, or Trachirtic Porphyries. — ^When the 
crystals of Sanidine, enclosed by the paste of Trachyte, are very 
numerous, the rock becomes a true Porphyry 5 certain varieties 
have a compact texture, a conchoidal fracture, and an appear- 
ance almost identical with quartziferous Porphyry, but which 
may be more porous than the latter. In a collection, they are 
very hard to distinguish ; but, upon the ground, one may always 
find them associated with the Trachytes, with such characteris- 
tics as will enable him to distinguish them readily. 

The Trachytic Porphyries are of a yellowish-white, greenish, 
or clear reddish-gray color; rarely blue. They contain, ordina- 
rily. Quartz in grains or limpid crystals. 

Accessory minerals : Mica and Garnet are not very abun- 
dant. Oligoclase is also rare, except in the Trachytic Porphyry 
of Esterel. Silica sometimes forms 78% of the whole. The 
density varies from 2.44 to 2.63. The compact masses often 
have the appearance of bees-wax and pass to Betinite. In a 
certain number of varieties, on the contrary, the pores become 
very large and take the form of blisters or cells with wrinkled 
sides. These Trachytes sometimes have the appearance of si- 
liceous mill-stone, from which they differ in being fusible before 
the blow-pipe. 

The Trachytic Porphyries are sometimes schistoidey on ac* 

3 
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count of the division of their tabular crystals of Sanidine along 
parallel planes^ or zonaire, caused by the distribution of differ* 
ent colors which some varieties present. These rocks have 
sometimes the aspect of granite. 

The Trachytes are tertiary or post-tertiary. Those of 
Hungary are cretaceous, according to Beudant. They have 
the appearance of domes, and stand in groups in the midst of 
layers of older rocks. They also fill the irregular fissures in the 
rocks under the form of dikes and veins. They exhibit some- 
times a prismatic division analogous to that of the Porphyries. 
They exhibit themselves in layers on the surface of the ground^ 
and in this case they have acted after the manner of Basalts. 
Many of these streams proceed from orifices which preserve, 
quite accurately, volcanic characteristics, so that the rocks merit 
the name of lavas. They are always more or less full of cavi- 
ties. Often the upper and lower surface of such layers have a 
spongy aspect. They are semi-vitreous, full of holes, and por- 
phyritic (Mont Dore). To this variety, in the description of 
rooks after Cordier, has been given the name of Feldspathie 
Necrolite. 

27. Traohytio Cinders. (Syn. Spodite, Cordier).— These 
are formed from the disaggregation of the Trachytes, and mat- 
ter projected from volcanoes at the time of the eruptions of 
Trachyte or Phonolites (Cascade of Mont Dore). 
I 28. Andesites. — This name is given to Trachytes, more 
or less porous, often granitoid, which differ from the Trach- 
ytes proper by the absence of Sanidine. The mass consists of 
a paste of vitreous Oligoclase, fusible before the blow-pipe, and 
having nearly G0% of Silica. It is not rare that the crystals 
show themselves in the paste. 

The Trachytes of the Andes often have a granular textirfe. 

Accessory minerals: Hornblende, Aiigite, Magnesite, Mica. 

Varieties : (1) Andesites enclosing Hornblende. Ex. Ande- 
sites of a black, deep gray or green color, of Siebenberg, en- 
elosmg, sometimes, large crystals of Hornblende and Oligoclase 
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of a grayish or greenish color. These rocks often contain 
Quartz, and then their proportion of Silica exceeds sometimes 
70%. Mineralogically, these are Diorites. 

(2). Andesites enclosing Augite {Augit-Andesite, Zirkel, or 
Trach^dcHenites). The Augite in this is exhibited in crystals or 
visible grains. 

Accessory elements : Hornblende ; ^ Magnetic Iron. The 
density of this rock is about 2.8. It is reduced to 2.7, however, 
when the Silica is about 64% : Aitgit-Andesiies with Quartjsf, 
Zirkel. 

Ex. Trachytes of the Andes ; Peak of Teneriffe ; Hecla, in 
Iceland. 

Andesites exhibit the same characteristics of development as 
Trachytes. They are divided sometimes, into enormous many- 
sided pillars. In the Andes they form large elevated cones. 

29. Phonolite (Syn. Fetrosikx fissile), — Compact masses 
of a greenish-gray, or yellowish color, more or less deep, ordi- 
narily separated into slender sonorous plates. They are the 
result of an intimate mixture of two parts 3 one formed of Sani- 
dine, insoluble in acids 3 and the other of Nepheline mixed with 
Zeolites, soluble in hydrochloric acid. 

In the Phonolites of Bohemia have been discovered, by the 
aid of the microscope, great quantities of Nepheline in short 
hexagonal prisms, andNoseane Silicate, soluble to a jelly in hy- 
drochloric acid. Sometimes may be seen with the naked eye, 
tabular crystals of Sanidine flattened along the cleavage-face 
g\ and parallel to the planes of division of the rock. Phonolite 
fuses before the blow-pipe to a grayish or greenish glass. In 
the open tube it yields water. 

Accessory elements : Hornblende, in black, acicular prisms ; 
iSJp/iew^, yellow or reddish 5 ilftca, brown or silver-white; Zeolites^ 
The density varies from 2.5 to 2.6. 

Varieties : Phonolite proper (schistolde). Phonolite non-schis- 
toidal, homogeneous or porphyroidal. Phonolite spotted, con- 
taining Noseane* 
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The Fhonolites present, in masses, the same method of de- 
velopment, and the same aspect as Trachytes, hut the peaks are 
more isolated, and at the same time more durable and sharper. 
They often traverse the Trachytes. 

30. Obsidian.— This is a Trachyte in a vitreous state, and 
has a high degree of lustre, a conchoidal fracture, and a brittle- 
ness equal to that of glass. The most common colors are black- 
ish-green, velvet-black or brown 3 very rarely gray or greenish- 
gray. Sometimes Obsidian becomes iridescent. When a splin- 
ter is placed before the blow-pipe, it glows with a brilliant light. 
The edge of the fragment swells up into a glassy globule which 
resembles solidified froth. 

Usually, the vitreous mass of Obsidian encloses numerous 
microscopic crystals of Feldspar, which, in the phosphoritic 
varieties, become visible to the naked eye. Certain varieties 
pass into pumice full of cavities. The others are formed of a 
mass of small capillary filaments ( Obsidietme Filamenteuse), The 
name of SpheruUtic Obsidian has been given to those which 
contain globules the size of a walnut or smaller, composed of 
fibres collected together and radiating from the same centre. 

Analysis of the Obsidian from the Peak of TeneriflFe by M. 
Deville, gives Silica, 69.71; Alumina, 19.23; Oxide of Iron, 
5.48 ; Oxide of Manganese 0.30 ; Lime, 0.58 ; Alkalies, 14.70. 
Obsidians contain about 80% of Silica. The density is often 
about 2.4. 

31. Pumioe. — ^This differs from Obsidian by its cavities^ 
with which it is completely perforated, and which give it the 
appearance of a fabric of fine glass threads, parallel or inter- 
crossing, leaving between them irregular cavities. The colors 
vary from white to yellowish-gray and greenish. It is rough 
to the touch, may be scratched with a steel point, is fusible be- 
fore the blow-pipe to a white enamel, and has a density of from 
2.37 to 2.53. It often contains water n!dxed with hydrochloric 
acid. 

Pumiceotis LapUtL Pumice frequently appears in the midst 
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of Trachyte as one of its varieties of texture. It is one of the 
products of volcanoes, mostly in the form of lapilli or cinders. 

32. Retinite.— Pec/wfein, Fitchstane, Pierre depoix, Perlites. 
A vitreous or semi-vitreous rock, translucent on the edges, and 
brittle. It has a greasy lustre ; the fracture is slightly oon- 
choidal and scaly 3 its aspect is that of pitch or resin, or an en- 
amel with a lustre more or less bright ; the colors vary from 
olive-green to yellowish-brown ; sometimes it is black, or red, 
on account of a mixture of oxide of iron. It is easily fusible 
before the blow-pipe, setting free vapor of ammonia almost 
always with intumescence. 

Eetinite contains generally more Silica than Orthoclase (about 
72%) and less alumina ; the proportion of water varies from 5 
to 10%. It is not so hard as Orthoclase ; density, above 23. 

It often becomes porphyroidal; it then encloses crystals of 
Orthoclase large enough to be visible to the naked eye j also 
grains of Quartz and sometimes Mica : especially when near por- 
phyritic formations. They are often globuliferous and their 
globules are composed of Feldspar, Ferlitie Betinites. 

In some varieties {R, Zonaires) may be seen zones which 
have alternately the appearance of glass and of porcelain. In 
some other varieties, the vitreous mass exhibits portions which 
have the appearance of compact Feldspar, and resemble Brec- 
cia. (R. Brechoide). Finally, certain other varieties exhibit 
amygdaloidal cavities filled with agate, chalcedony, etc. 

The Retinites thus defined are feldspathic Porphyries, or 
quartziferous Trachytes in a vitreous state, and the passage 
from one to another may often be observed. The Porphyries 
present the appearance of agates or enamel more frequently 
than the Trachytes. This distinction is, in general, not marked. 

According to Zirkel, the Retinites of the Trachytes enclose 
a large number of microscopic corpuscles, BeloniteSy and cavi- 
ties, visible under a slight magnifying power. 

33. Perlites* — Some lithologists have classed in one par- 
ticular group, all the vitreous rocks composed, totally or in 
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great part, of globuliferous or polyhedral elements. The glob- 
ules are formed of fine laminse, membraneous^ with a greasy lus- 
tre, overlying like the coats of an onion, or presenting an undi- 
vided mass which resembles glass or porcelain ; they are some- 
times grouped confusedly, and, sometimes, by mutual pressure 
have taken a polyhedral form. In certain cases they are sep- 
arated from one another in the center of a vitreous paste which 
resembles an enamel. This paste contains sometimes, crystals 
of Sanidine or Mica ; sometimes Opals, grains of Obsidian (Mar^- 
kanite), microscopic filaments analogous to those of Obsidian, 
and finally Spherolites. 

In the spherolitic Perlites, the Silica reaches 70 and 80%, 
and their density is much greater than that of Betinite, with 
which they are nevertheless classed, by reason of their common 
origin and the analogy of their general composition. 

TUFA, TRAOHYnO AND PUMIOBOUS 
OONGLOMERATES. 

Fragments of pumiceous cinders or Trachytes, ejected from 
volcanoes, have been carried by the wind to considerable dis- 
tances, and often again transported, modified, cemented by ,the 
water of the atmosphere or the earth. There have resulted from 
this action, masses of a clayey character, which are called 
Tt{fas, irachyiiCy phonoliUc, pumiceous conglomerates. 

34. TraohytloTufla. — ^Friable or compact rock j grayish or 
ochre-yellow ; earthy j having the appearance of volcanic mud 
solidified ; enclosing, sometimes, crystals of Sanidine, Mica, etc. 

35. Breoda, Traohytio Oongloxnerates.— Angular frag- 
ments ,* rounded pebbles of Trachyte, mixed often with debris 
of different rocks, cement'Cd by a paste which consists of Tra- 
ohytic Tufa. 

36. Phonolitio Tufe.— Debris of Phonolite mixed with frag- 
ments of crystals of Sanidine, Mica, Hornblende, and Magnetic 
Iron ore, united by an earthy paste which effervesces in acids. 
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37. Pumiceous Tufo. — ^Pebbles of Pumice, grayish, mixed 

with foreign substances (Mont Dore, France). 
\rith foreign substances (Mont Dore, France). 

88. Pumice Conglomerates— Fragments of Pumice ag- 
glutinated with debris of Trachyte or Obsidian, by a Pumice 
Tufa more or less apparent. 

39. Volcanic Trass (Variety of pumiceous conglomer- 
ate). — These are earthy rooks, dull grayish, yellowish, or brown- 
ish ; more or less compact, formed of a pumiceous dust, de- 
composed, whidi encloses fragments of Pumice, Argillaceous 
schist, crystals of Feldspar, Mica, and carbonized wood. In the 
closed tube it yields water often containing ammonia, chlorine 
and sulphuric acid. It fuses with difficulty to a grayish enamel. 
It forms the bed of the river Rhine, where it is used as a hy- 
draulic cement. 

According to Gordier, the paste of volcanic Trass seems to 
be trachytic rather than pumiceous, and the cement consists of 
hydrosilicate of Alumina, arising from the decomposition of the 
cinders, and sometimes of aluminite. Gordier recognizes rocks 
arising from the decomposition of Pumice orpumiceous cinders, 
calling the first Asclerines and the latter AUaUes. 



CHAPTER 11. 

FTBOXENIO AND HYFEBSTHENIO BOOKS. 

40. Dolerite — ^A granular mixture, granitoid in texture, 
very brilliant on the fracture surface, having a somewhat spotted 
appearance. It is composed of Ldbradorite of a clear gray 
color in depressed crystals ; Augiie of a greenish-black color ^ 
and a small amount of Magnetite. 

Accessory elements: Oak-spar} Spathic Iron. Boiled in 
hydrochloric acid, this rock yields 40% of soluble ingredients ; 
it effervesces for a short time. 

Accidental elements: Nepheline) Analcime in cubo-trap- 
ezohedrons, often limpid ', Melanite in black rhombododecahe- 
dronsj Mica; Amphigene ; Cubic Fyrites ; HarnblendCj etc. 

Varieties: Granitoide; Dol. Forphyritic; Doh Mimosite ; 
Bd. AnamesitCj a fine-grained variety having a brilliant crys- 
talline fracture, and passing to Basalt ; Scoriaceous Dol. (Dol- 
oritic Lava). The lava of the island of Fogo, one of the Gape 
Verd islands, contains, according to M. Oh. Saint-Claire Deville, 
54% of Labradorite ; 19% Augite 5 19% OUvine ; 7% of tit- 
aniferous magnetic Iron. Its density is 3. That of Etna 
(eruption of 1865) has a density of 2.738 and contains 49.27% 
of Silica. Amygdaloidal Dolorites ; — Dol. with Analcime {Cy* 
clqphyre). Gray rock, porous and containing crystals of Andi- 
cime. 

41. Basalts, — Volcanic rocks, homogeneous, tenacious, of a 
bluish-black or gray color, generally dull, more or less porous, 
and more or less strongly magnetic j harder than steel. They 
are made up of grains, distinguished by aid of the microscope. 
The density is usually about 3 5 and the proportion of Silica is 
about 45%. Oxide of Iron from 6 to 22%. In the open tube 
it gives from 2 to 4% of water. They are easily fusible. 
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In a celebrated memoir, Cordier first defined the mineralogical 
composition of Basalts. These masses consist of a mixture of 
grains, which are extremely fine, of Labrador Feldspar, Augite, 
and a certain relatively small quantity of magnetic Iron, more 
or less titaniferous. 

It very frequently encloses nodules of vitreous grains of Peri- 
dot of a yellowish-green or grayish color. like the Melaphyres, 
the Basalts comport themselves as true Traps, and display 
themselves upon the surface in vast terraces one above the 
other ] also they appear as great walls or masses of ruins. But 
in many cases, basaltic craters have ejected lava of scoriaceous 
texture, cinders, and scoriae, like those of actual volcanoes. 

The Basalts, like the Trach3rtes, cover with a dome-shaped 
mass, the passage by which they have been ejected. Grenerally 
the Basalts with their tufas and conglomerates are of the ter- 
tiary period. They traverse all the stratified rocks and all 
eruptive rocks anterior to this age. The Basalts of central 
France appear to be later than the Trachytes of the same re- 
gion. They generally appear in the form of prismatic columns, 
often rising vertically to considerable heights and are sub-di- 
vided transversely by joints, as at Fingal's Cave and Giant's 
Causeway. 

Zirkel undertook the microscopic study of Basaltic rocks in 
1870. He discerned in a large number, a vitreous substance 
of a brownish-yellow color, sometimes gray or colorless. This 
matter plays the part of a cement to the crystalline grains. It 
represents the paste of the Basalts, the residue of the original 
magma, remaining in the amorphous state after the separation 
of the crystals. 

In some Basalts this paste is only demi-vitreous made up in 
part of black or brownish-black crystalline needles, to which 
Zirkel has given the name Trichites. 

Augite, often in crystals of a bright black color, plainly visible 
to the naked eye, becoming brown, more or less yellowish in 
ihin sections, and exhibits colors in polarized light. It ordinarily 

3» 
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offers the foUoving forma (Fig. 22). It often oontains mnofa small- 
er erystals of Apatite and Uagnetio Iron ; also oavitieB empty or 
filled witli liquid ; porliapB compressed carbonic add. Similar 
cavities are found in grains of Peridot. 

Feldspar is crystallized in eloi^ated lammie 
vfaich are subdivided into longitudinal bands, 
fdtemately colored bine and gray, or vitb 
I lively shades varying in polarized light. Zir- 
ke) observes that ihis Feldspar is not attacked 
by acids. 
Magnetic Iron is found in the form of irreg- 
ular grains or crystals arranged in regular 
TOTS, disposed in files, or in interlacing, irreg- 
ular rows, more or less regular. A great 
number of Basalts contain NepMine and Am- 
I ph^ene. 

Accessory Elementa : ApaUte in elongated, 
I heiagonalpriama;Bbm6fe»Mfe,blackorbrown, 
I traversed by parallel fissures; Magnesia; 
Mica, visible under the microscope. 
Accidental mineralB : a great number of Zeolites (Chabasile, 
Anatdme, Sarmoltme, StiSnte, etc.). Calc-spar, Aragonite ; 
nodules of Sydlin Quartz, and Agaies ; small irregular masses 
of HytMte in the cavities ; Blue Sapphires, Cordierite ; Black 
Pleonaste/ HyaHnth Zircon, I'yrites, etc., mixed with the mass. 
Finally the Basalts of the county of Antrim, Ireland, conttun 
sulphate of copper in solution, and owe this property, without 
doubt, to metallic Iron intimately mixed. 
Varieties ; common Basalt. 

B. with fragments (^Peridot. PertdotUe <if Cordier. The rock 

contuns an aggregate of polyhedric or rounded grains of a green 

or yellowish-green or blacklsh-oolored Peridot mixed 'mth £n- 

Btatite. 

B, AmggdcAoidtA has la^:e oavitiea In which may be found 
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beautiful orystals of Zeolite with Chalcedony, Oalo-spar, Ar- 
ragonite, etc. 

42jk' GallinaQg. (Syn. Trachylitey Vitreous Basalt). — ^Vitreous 
or semi-yitreous masses, sometimes stratified, of the color of pitch, 
bluish or brownish, having the appearance of earth or enamel, 
but less durable than Feldspar, easily fusible to a colorless bead ] 
speckled with black and often scoriaceous. Density, 2.56 to 
2.7. Silica, 56% in the Trachylite of Hanover. 

Scoriaceous Basalts ; Basaltic lava. 

Stratiform Scorice. The exterior crust as well as the lower 
portion, which was the first to be ejected, often has a scoriaceous 
or porous texture, homogeneous or porphyritic, and more or less 
vitreous. The blocks ejected during the eruption have irregu- 
lar forms. They are contorted, and divided into cells by parti- 
tions (Chisonies). 

Some by projection through the air, have, by reason of a ro- 
tatory motion, acquired an ellipsoidal form, with elongated and 
twisted extremities {volcanic honibs). They are generally red 
on the exterior and rich in Peridot, the Iron of which is gener- 
ally in the state of peroxide. 

Lapilli Scoriae in small fragments, which have fallen in 
showers about the crater. 

Basaltic Cinders. — ^Pulverulent scoriae. Those of the erup- 
tion of 1843, were of a clear gray color, and contained 46.31 % 
of Silica ; 16.85 Alumina ; 9.85 Ferric peroxide j 4.43 Ferric oxide ; 
10.28 lime 3 5.44 Magnesia ; 1.41 Potassa -, 3.34 Soda ; 2.21 Sul- 
phuric acid 5 0.52 of Hydrochloric add, Ammonia and Gypsum. 

Basaltic Scoriae, in layers or in the state of lapilli or cinders, 
more or less decomposed, are employed in the manufacture of 
hydraulic cement under the name of Puozzolani. Ex. The 
catacombs of Eome are excavated in this rock. Laterite is a 
rock of thlF class and forms a deposit between dikes of Basalt 
in the We^t Indies. 

43. NephelimteB. — ^Bocks with a compact or granular tex- 
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ture — all having the appearance of Basalts and differing only 
by the substitution of Nepheline for Feldspar. 

Nepheline is found in six-sided prisms and is recognized by its 
greasy lustre, by its color, which is yellowish-white, sometimes 
greenish or reddish ; its fusibility before the blow-pipe; and its 
gelatinous deposit in hydrochloric acid which finally dissolves en- 
tirely. 

Varieties: N. Granular; N. mth fine grains ; N. compact; 
N. with Amphigene {passing to Amphigenites), A great number 
of the lavas of Lake Laach enclose in their cavities crystals of 
Nepheline, Haiiyne and Zircon. 

44. Amphigenites. — Compact rocks, often porous, of a clear 
or deep gray or reddish color. These are Basalts in which the 
Feldspar is replaced by Amphigene. Throughout the paste are 
distributed grayish-white crystals, either of Amphigene in tra- 
pezohedrons or small crystals of Augite. 

Amphigene is easily recognized by its almost spherical form 
and its complete decomposition, with a deposit of Silica in hy* 
drochloric acid j and its fusibility before the blow-pipe. 

The prisms of Augite are small and of a grayish or greenish 
color. Amphigenites almost always enclose more or less Neph- 
eline and often Hauyne. 

Accidental minerals : Breislakite;MeUUte; Melanite ; Mica; 
Sodalite; Copper Chloride. 

Varieties : Compact Amphdgenite (few apparent crystals) j 
JPorphyroidal Amphigenites or Leucitophyre ; Scoriaceous Am- 
phigenites, Lavas with Amphigenite (Vesuvius). 

In certain Lavas of Vesuvius, Amphigene and Sanidine have 
been distinguished as essential elements. 

45. Hauynophyre. — Lavas of a deep gray or blackish color 
which are allied to the basaltic lavas, only the Feldspar is re- 
placed in part by vitreous Haiiyne in rhorabohedral dodecahe- 
drons, ordinarily blue, sometimes white by alteration. 

46. Augitio Bocks. — ^Described by Sterry Hunt of Chat- 
ham, Canada. B.ock formed of granular Augite. 
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Accessory elements : Tourmaline ; Amphibole, etc. Cocco- 
lite. Masses formed of grains of Pyroxene, sometimes white 
(having a base of Lime and Magnesia), sometimes green or 
blackish (base of Lime, Magnesia and Iron). 

47. Bukrite. — Granular aggregation of very distinct ele- 
ments which are, (1) White Anorthite, entirely soluble in 
hydrochloric acid j (2) Augite of a grayish-green color. This 
rock forms a vein in the carboniferous limestone in the district 
of Carlingford, Ireland. The proportion of Silica is 47.52%, 
and its density is 2.757. (Haughton). 

48. Peperine (Syn. Tufa; Volcanic or Basaltic Tuff). — A 
mass of a cinder-gray or of a yellowish-brown color, sometimes 
reddish, or of intermixed colors ; earthy, brittle, porous or cel- 
lular, recalling Wacke by its appearance, and enclosing frag- 
ments of basaltic rocks with their crystals broken or intact, 
Augite, black Mica, Magnetite, Amphigene, Zeolites ; sometimes, 
also, fragments of Oalc-spar or Dolomite. When the angular 
fragments of Basalt are dominant, the mass is called Basaltic 
Breccia. These breccias occur intermingled with the Basalts. 
In the Basaltic conglomerates, the fragments are rounded. 

Tuff with Palagonite, — ^Tufas which enclose a more or less 
large quantity of granular Palagonite. Palagonite is a hy- 
drated silicate of Alumina, Iron, lime, Magnesia, Potash, and 
Soda ] making a jelly in hydrochloric acid ] fusible to a black 
magnetic bead before the blow-pipe. It is of a yellow color, 
often brown or black. Density 2.5 ) hardness, from 4 to 5. It 
has the appearance of amber or rosin. 

Altered basalts, <5overed at first with an ochre-brown crust, 
intersected with numerous cracks owing to a chemical alteration, 
which reduces them, first, to a muddy gravel full of Augite crys- 
tals ; and, finally, to a grayish and fertile clay. 

49. Ophitoue (Syn. Biabase, Milaphyre grenu), — 
Comprised under this denomination is a very important group 

of rocks which bear the same relation to the Melaphyres as the 
Dolorites to the Basalts. These, like the Dolorites, have agran- 
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ular textnrO; and are a mixture of Labradorite and Augiie, or- 
dinarily accompanied by Magnetite. They differ, mineralogic- 
ally, by their accidental mixture. The Labradorite forms tabu- 
lar, striated crystals, with a decided cleavage, of a grayish-white 
or green color. The Augite is in rather short prisms, often with 
very distinct cleavages. In the rock called Forphyry of Temuay 
have been discovered bottle-green crystals of Pyroxene and hy- 
drated Feldspar, with a greasy lustre, to which M. Delesse has 
given the name of Yosgite ] the mean density of this rock is 
about 2.84. 

Accessory elements : Magnetite, Fcrruginom Chlorite. 

Accidental minerals : Pyrites, CaVs eye, Ejpidote^ Asbestos. 

The proportion of Augite is generally less than in the Mol- 
aphyres. Silica varies from 45 to 53%. The density is about 
2.85 it however reaches 2.93 in a number of fine-grained varieties 
which form part of the rocks of Sweden and Ireland, confound- 
ed with many others under the name of Trap. 

Varieties: 0. with medium sized grains ; 0. with fine grains; 
0. Schistose, of a gray, green, or blackish color, often colored 
green by chlorite, becoming yellow in hydrochloric acid ; 0. Cal- 
careous, containing a great many crystals of Oalc-spar, soft 
enough to be scratched by a steel point, very easily fusible ; 
0. Amygdaloidal, with cavities filled with Oalc-spar. 

Often the Ophitones have a shagreen surface, the cavities of 
which are caused by the disappearance of the Feldspar. The 
complete decomposition of the Labradorite causes the disinteg- 
ration of the rock and the production of a marl mixed with black 
grains of Augite. 

50. Melaphyres (Syn. Ophite, Oordierj Porphyres noirs; 
Porphyre vert cmtique ; Toadstone y Porphyre diabasique ou augi- 
tique; partie des Trapps et des Griinstein). — Rocks of which 
the color is often black, but still more often green. They are 
composed : (1) Of a fine-grained paste, compact, tenacious, gen- 
erally black in color when the ftacture is fresh, but changing to 
brown or reddish by alteration ; often magnetic. (2) Crystals of 
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Augite and Labradorite of a greenish-white color^ having a poor- 
ly defined contour. Grenerally the rock has combined with it, 
calc-spar, some magnetite, and chlorite; which latter colors it 
green. 

In hydrochloric acid it effervesces and becomes yellow. Be- 
fore the blow-pipe, it loses its water and becomes very clear ; it 
fases more or less easily into a globulp of a bottle-green color. 
The density varies from 2.7 to 3. 

Accidental minerals: Pyrites; Quartz ^idA its varieties, Am- 
ethyst ; Caffs eye ; Chalcedony, distributed not in a homogeneous 
manner, but here and there throughout the whole in small crys- 
talline masses ; Epidote; Axinite; Green earth; Hornblende; 
Mica. 

Varieties of composition : 

(1) Melqphyres in which the proportion of Silica is inferior to 
that of Labradorite (53%). A number of the Melaphyres of 
Norway (48.76%). Melaphyres of the valley of Fassa, Tyrol, 
(45.65% J density 2.71 according to Strong). 

(2) Silicious Melaphyres, in which the proportion of Silica is 
greater then 53%. Certain Melaphyres from the environs of 
Christiania (58.5%, after Kjerulf). Melaphyres from the left 
flank of Muhlenthal (57%). Amygdaloidal Melaphyres of Fau- 
cogney (54.42% j density, 2.906, according to M. Delesse). 
Black Melaphyres from Elbingerode, Hartz (57 to 58%). 

Several eminent lithologists have thought that in the second 
group, the paste is a base of Oligoclase. But a certain number 
of Melaphyres, analyzed under the microscope by Zirkel, have 
shown in their mass, a more or less large quantity of vitreous 
matter, accompanied or not by needles of what is called Trich- 
ites ; hence, probably, the great proportion of Silica. 

M. Durocher remarked a long time since, that the paste of 
porphyries is not, in general, richer in silica than their Feld- 
spars; and M. Delesse regards it as a magma which has not 
been able to crystallize. 
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Varieties of elementary composition : 

(1) Md.j poor inAugite {Labrador porphyry). A greenish* 
gray or blackish paste^ often containing Gale-spar. Fusible 
with difficulty. Crystals of Labradorite often very large. Ex- 
amples : Porphyry ofBelfahy, Vosges, a paste of a green color 
more or less deep, Magnetic, (53.45% of Silica, 75% of Labra- 
dorite ; proportion of water 2.5 j density 2.775) ; old green 
Porphyry with an olive-green paste ; certain Melaphyres about 
Christiania. 

(2) Melaphyres rich in Augite, Black paste. Mel. of the val- 
ley of Fassa have large crystals of Augite and siariated pearly 
Labradorite (Basic or Atigitic Melaphyres of M. de Lapparent). 

51. (3) Melaphyres with Ouralite {Uralitic Porphynf). A 
paste of a greenish-gray or blackish-green color, with crystals 
of Ouralite of a greenish-black or brownish color. The nature 
of this paste is not known. 

Varieties of texture: Amygddloidal Melaphyres. Melaphyre 
Tvfas. An earthy mass of a grayish-green or blackish color 
forming a species of mud or mire enclosing fragments of Mela- 
phyre which are angular in the Breccias and rounded in the 
Conglomerates. They form beds in the Devonian earths in the 
neighborhood of rocks which furnish their elements. 

Ophitone Melaphyres and their Spilites are eruptive rocks 
which fill great fractures in the earth's crust. Often these rocks 
are introduced laterally between the strata which they traverse, 
as if they were contemporaneous ; but after having extended 
branches in many directions, the main trunk or column crops 
above the surface and is extended in layers upon the surface. 
Li Derbyshire, where they are called Toadstones, they may be 
seen thus injected between the strata of carboniferous limestone 
and millstone grit. Often several successive layers, issuing from 
the same centre of eruption, have been superposed — ^the edges of 
the layers resembling steps of a gigantic staircase. This for- 
mation gives them the name Traps in the north of Europe. They 
are often found as veins in narrow crevasses. Li the neighbor- 
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hood of Christiaiiia, the Melaphyres appear in the Silurian rocks. 
In England, they are widely distributed in the Carboniferous. 
In the Ural district, they occur in the Devonian rocks. In the 
Hartz Mountains, they are extensive dikes, rich in amygdaloid- 
al varieties, and are between the Carboniferous and Permian 
systems. 

SpUites. Under this name may be classed Basalts, Dolorites^ 
Ophitones, and Melaphyres, which possess analogies in appear- 
ance and amygdaloidal structure. 

52. (1) SpilitesoftheMelaphyrea — ^These are full of holes 
of ellipsoidal shape nearly always filled with nodules, partly 
earthy and partly crystalline. These nodules are composed of 
green earth {Delessite), of calc-spar, and sometimes of chalce- 
dony. The paste of the Porphyry which serves as a nucleus, 
often shows signs of alteration, which is indicated by a brownish- 
red color and an argillaceous odor. In the Melaphyres of Ober- 
stein and Idar on the borders of the Nahe ] in those of the quarries 
of Salto, near Montevideo, the cavities are often larger than the 
head, and are lined with incrustations of agate and amethyst. 
In certain nodules of agate, the channel by which the siliceous 
matter entered may be recognized. 

Zeolites, so common in the cavities of the Basalts, are very 
rare in the Melaphyres. These rocks are sometimes stratiform 
(Schalstein of Germany). 

53. (2) SjpUites of the Basalts fAmt/gdoMddlJ 

Wackes. This name is given to common Basalts and Mela- 
phyres at a certain stage of decomposition. 

54. Melaphyre Wackes. — Vesicular paste of a green or 
brown color, an earthy appearance, and of a loose texture ; it 
often encloses crystals of Feldspar and Augite. This stage of 
decomposition is observed in many of the Melaphyres and es- 
pecially their Spilites. 

55. Basaltio Wackes. — Compact earthy masses, of a 
greenish-gray color ^ sometimes brownish or reddish; having 
an argillaceous odor and stick to the tongue; in which have been 
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diBcovered plates of Mica; crystals of Augite; Zeolite and 
Hornblende; grains of Magnetite and Peridote, which have be- 
come red by alterations ; the cavities of which are often filled 
with crystals of Gale-Spar, Green earth, Chalcedony, etc. In 
masses or blocks in the Peperines. 

The clays arising from the complete decomposition of the 
Basalts and Melaphyres, are not so easily distinguished from 
each other. They are very rich in Magnesia and enclose crys- 
tals of Feldspar and Augite, and grains of Magnetite. 

Euphotide and Granitone. — ^These two varieties of rocks en- 
close a material of a grayish-white, greenish,or sometimes violet 
color, ofa slightly greasy lustre, often striated. It fuses with ordi- 
nary facility before the blow-pipe to a white enamel. It is attacked 
by hydrochloric and sulphuric acids, and most minerai- 
ogists have regarded it as a variety of Labradorite. 

In the rock which he calls Euphotide, M. Delesse found in this 
material, the composition of Labradorite ; containing about 50% 
of Silica and a specific gravity of 2.65. 

But, according to Boulanger, the material regarded as Feld- 
spar in the Euphotide of Orezza does not contain more than 
43.6% of Silica. That of Mont Rosa, according to Sterry Hunt 
only contains 43.59% ; and, moreover, it possesses a density of 
3.365. Its composition and density resemble that of Anorthite 
or compact Zoi'site. We have reason, then, to distinguish among 
these rocks, those which enclose a feldspathic element, from 
those which possess amongst their essential elements, a substance 
resembling Epidote. 

56. Euphotide Labradorite,— Compact, tenacious, usual- 
ly white or grayish ; and Smaragdite in large laminse of a grass 
green color, exhibiting glistening fibres. This rock furnishes 
the Corsica green used by artists. 

57. Ghranitone. — A crystalline assemblage of granitoids 
texture, having the appearance of a Diorite, and formed of Lab- 
radorite, usually of a greenish-gray color, and tablets or lam- 
in® of gray Diallage, easily cleavable, of a copper-brown, or 
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olive-green color; often very fibrous; having a changing or 
chatoyant and metallic lustre. 

Accidental minerals: OlivinCy OurcMte, hrovm or green 
Hornblende, MicUy Tcdc, CcHc-^parj JEptdote, Ctibic FyriteSj 
Magnetic iron, 

58. Variolite— This name has been given to this rock by 
reason of projections in the form of pustules left by the unequal 
alteration of the constituents. That of Durance is formed of 
a mass of grayish-green Feldspar of a slightly greasy lustre 
and a fracture of Petrosilex, which appear^ to be compact Euph- 
otido containing these globules. These are gray on the ex- 
terior surface, but the int.erior is a beautiftil green, sometimes 
violet They contain 56% of Silica; 17 A % of Alumina; 
7.79 % of oxide of Iron ; 8.74 of Lime ; 3.41 of Magnesia ; 3.72 
Soda ; 0.24 Potash ; and lose 1.63 % in the fire. Their density 
is about 2.9. In one variety found near Mount Gen^vre, the 
globules have a greasy lustre and resemble Petrosilex. They 
are rounded fragments of a grayish-green color, in a deep green 
paste. Banmielsberg regards them as being made up of Oli- 
goclase. 

Accessory elements: Diattage (passing to Euphotide). 

59. Hyi)erite (Syn. Hyper sthenite), — ^Very rare ; of gran- 
ular texture, made up of grains of Labradorite and Hyperstliene. 
The Labradorite is white, grayish, yellowish, bluish, or green- 
ish. The rock at Hitteroe, called Norite by Scheerer is, doubt- 
less, of this variety. 

Hypersthene is of a blackish-brown, greenish, or bronze color ; 
fibrous in texture ; it sometimes reflects a copper-red color and 
is chatoyant upon the principal cleavage-face. The density of 
Hyperite is about 2.9. 

Varieties: Granular Hyperiie ; Compact Hyperite. 

Accidental minerals : Epidote ; OMc ^Pyrites ; Titanic Iron ; 
etc. 

The name of Hyperite has been given to many of the Gran- 
itones of the Alps. 



CHAPTER in. 

AMPHIBOIJO HOOKS. 

60. Syenite. — ^An aggregation of large crystals of Feldsptr 
and Hornblende having a granitoid texture. Among the oon- 
stituentS; is Orthoclase which it contains in large quantity. 
This Feldspar presents itself in lamin83 often of a tawny-red, or 
flesh color, sometimes violet. 

Oligoclase is often found in grayish striated grains } Horn- 
blende in the form of black or deep green prisms. The propor- 
tion of Silica varies from 60 to 61%. The Syenite of Ballon 
contains, according to Delesse, 19% of Orthoclase of a tawny- 
red color J 33% of white Andesinite ; 19% Hornblende ; 29% 
of Quartz j and a small quantity of Sphene, black Mica, Magne- 
tite, etc. Its density is 2.7. That of Rennas, Sweden, ac- 
cording to 'the same author, is composed, principally, of reddish 
Orthoclase, enclosing Oligoclase of a greenish color j Horn- 
blende of a greenish-black color j a little Oligiste j traces of the 
Carbonates j a little Quartz j Cubic Pyrites } and Epidote. Its 
density is 2.623 j it has 78% of Silica. 

Accessory elements : Mica with a bright lustre, offcen black; 
Quartz of a glassy aspect, often smoky ; Zircon^ Sphene in small 
yellow or brown ciystals ; Epidote^ ElceoUie; Magnetite. 

In certain varieties, the grains are very fine and the large 
crystals of Feldspar render them porphyritic. The Syenites 
form considerable masses of rounded summits in Gneiss, Mica, 
Schists, and among the transition rocks. They pass into 
Syenitio granites by insensible gradations. Some Syenites 
contain a ferruginous Hornblende which readily decomposes 
to an ochrey clay. 

Zircon Syenites, — ^In these rocks the Hornblende has disap- 
peared almost entirely, and the Feldspar presents itself in that 
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beautifiil variety of Ortboclase knovn aa Miorocline, in wMoh the 
play of colors rivals that of Labradorite. Zircon is composed 
of Silica and Zirconiam; it crystallizes in right prisms with a 
I square base (Fig. 23). Its hardnoss 
I is 7.5, and its density 4.67. It is 
infusible before the blow-pipe; in- 
soluble in acids. It is usually of a 
I red, brown, or yellowish-gray tolor. 
61. Ampbibolites. — Eocks com- 
posed of HorrAhnde, sometimes Acti- 
I noUle. 

(1) Base of Hornblende. It is usu- 
I ally a variety of Diorit^ without Feld- 
I spar. In the Pyrenees it is not rare to 
iiB.aa. gjj^ j^j.gg blocks, made up almost en- 

tirely of Hornblende in prisms coniiiBedly grouped, but having 
a very distinct cleav^e. G. Bischof has described a rock of 
Hornblende in the form of a vein of coarse-grained Diorite of 
^eidenthal, of which the density is 2.947. Some varieties ex- 
hibit a schistose texture. 
Accessory elements : Garnet; Eptdote; Feldspar. 
(2) With a base of Actinolite. Eocka composed of acicular 
prisms of Actinolite, parallel or grouped in tufts ; usually the 
texture is schiatoae. Green Actinolite (Alps). Bluish Actino- 
lite (New Caledonia). These rocks appear accidentally in the 
midst of schistose Diorites. 

62. JMorite. — A granular aggregation of a blackish or green 
color more or less deep ; mixed with whitish grains of Hom- 
ilende and OUgoclase in pretty nearly equal quantities. In the 
Diorites of the Pyrenees, Hornblende is generally dominant 
The grains of Hornblende are prismatic, the fracture is lamina- 
ted, brilliant black, or deep green ; sometimes it is elongated 
and assembled in small tufts. Those of Oligoclase are striated 
white, yellowish-white or greenish. The density is about 2.9. 
Accessory elements : Quorf^ in grayish grains; very abundant 
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in the granular va^rieties, where it attains the proportion of from 
4 to 5% 5 AUniCf rare j Orthoclase in the Diorites of the Hartz 
according to Eaebel ; Epidote^ very common, especially in the 
Diorites of the Pyrenees where it is either distributed through- 
out the mass, or in crystalline deposits upon the edges of the 
cavities. Durocher has found nearly 40% of Epidote in a Dio- 
rite of Saint-Beat, Haute-Garonne. 

Accidental minerals: Cubic Pyrites^ Magnetite^ Chlorite^ 
Sphenej Magnetic Pyrites^ Mica. Diorites often break oflF in 
blocks more or less polyhedral, usually rounded, upon which 
one may see an argillaceous crust, yellow or brown, and rich 
in Magnesia and Hydrated oxide of Iron. 

Varieties : Ordinary or granitoid Biorite has grains more or 
less coarse and uniform in size. The grains diminish in size as 
the rock vein becomes smaller. M. Delesse has, however, ob- 
served very different-sized grains in the same mass. Porphy- 
roiddl Biorite has fine grains with large crystals of Hornblende 
or Oligoclase. 

Schisioide Biorite. Hornblende in laminsB with alternate lay- 
ers of Oligoclase. 

Micaceous Biorite of M. Delesse ; a good deal of Mica ; 
some Quartz ; 48.9% of Silica. 

Monjsonite (Bock composed of Pyroxene according to Cordier ; 
Hornblende according to M. do Lapparent). This variety passes 
to Syenite. 

Norite of Esmark. Diorite containing little Hornblende and 
passing to Granite with Oligoclase. Diorites, after the manner 
of Granites, forma considerable mass among the crystalline 
rocks. Those of the Pyrenees pierce the nummulitic formation. 
Certain varieties of schistose texture appear subordinate to 
Mica Schists or to Gneiss. 

63. OoreitQ {Biorite orhictilairej Biorite ghbaire, Granite de 
Corse). — ^A granular assemblage of Anorthite, Hornblende and 
a small quantity of Quartz. The elements in this rock show a 
oharactenstio disposition. They are frequently disposed in 
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thin layerS; slightly spherical, in which predominate alternately; 
Anorthite and Hornblende. In any cross-section may be per- 
ceived the resulting black and white bands of these minerals. 
The rock contains 48.05% of Silica, and 11.04% of Lime. Its 
density is 2.768. It contains 84% of Anorthite soluble in acids, 
and 16% of Hornblende. These results are due to M. Delesse. 

64. Aphamte(Dfori^ii6 Cordier). — ^A compact mass hav- 
ing the aspect of a paste analogous to that of FetrosUex, but 
formed of Oligoclase and Hornblende in indistinct and intimate- 
ly mixed particles. It is very tenacious ; sometimes sonorous. 
Colors : greenish-gray and blackish. Fracture : conchoidal, 
often glittering. Density of the Aphanite of the Vosges, 2.968. 
Proportion of Silica, 46.83 (Delesse). 

Accidental minerals: Pyrites; Epidote, 
Varieties: Massive Aphanite ; Schistose Aphanite. 
Dioritic Porphyry . Paste of Aphanite with crystals of Oligo- 
clase and Hornblende. 

65. TonaUte — A fine-grained rock, composed of striated 
snow-white Feldspar which has the exterior characteristics of 
Oligoclase, but which contains only 57% of Silica ; Quartz in 
grayish grains^ small quantities of blackish-green Hornblende ^ 
and brown Mica. 

Accidental minerals : Sphene^ Magnetite, Pyrites, Cortrndum, 
and Orthite. 



OHAPTEE IV. 
BFIDOTB, OABNET, DISTHBNB, eta 

66. Cyamtfe lB.y^Bock formed of clear or deep blue dis- 
thene. 

Accessory elements : Garnet, Smaragdite, Silver Mica. 

Disthene is a silicate of alumina, and crystallizes in double 
elongated prisms, generally of a blue color. Hardness, between 
5 and 6. Density, 3.69. Infusible and insoluble. 

67. Bclogite. — (Syn. Ompkasiifels), A granular assem- 
blage, of a granitoid texture, of Smaragdite of a beautiful green 
color, and a variable quantity of Garnet of a bright red color. 

Accessory elements : DistJiene in azure blue fibres ; Eptdote^ 
Quartz J and Mica. 
Accidental minerals : Magnetite, Pyrites, RutUe, etc. 

68. Qrenatite. — Eock essentially formed of reddish-brown 
or yellowish garnet ,* granular or compact ; showing no sliarp 
crystals except on the sides of crevices. 

Accessory elements : Acicular Actinolite, Hornblende, Magne* 
tite. Talc, and often Cole- Spar. 

Stratiform masses in crystalline schists. Often garnet appears 
in compact bands, parallel and undulating in the midst of cal- 
careous rooks. 

69. Soapolite.— Aggregate of fine grains or compact rook 
harder than feldspar. Density, 3. 

Essential elements : Scapolite. Silicates of aluminum, cal- 
cium, and sodium, which crystallize in right prisms with a square 
base. Fusible before the blow-pipe ; soluble in acids and about 
as hard as Feldspar. 

Accidental minerals : Pyrites, Graphite. 

This rook forms a vein in the strata of Oligiste in the Hartz 
Mountains. 
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70. Bpidotite^ — Eock of a green color, essentially formed 
of Epidote in fine grains or compact. It contains a little Quartz, 
and fuses before the blow-pipe to a brilliant black enamel. Epi- 
dote is a silicate of aluminum, calcium, and iron. Fusible, often, 
with intumescence 3 soluble in acids. Hardness, slightly in- 
ferior to quartz. Density, about 3.4. The color of Epidote in 
rocks varies from pistache to yellowish-green. 

Accidental minerals: Gumet^ Catc-spar^ Fyrites. Epidote is 
found in chlorite schists. 
4 



CHAPTER V. 

MiGAGEons boge:s. 

71. GMesen. — An assemblage of Quartz and Mica with a 
granular texture. It is a granite without Feldspar. The Mica 
is yellowish-gray or greenish, and has a brilliant lustre. The 
Quartz is crystalline and gray. 

Accessory minerals : Oxide of Tin, in black grains, vitreous 
fracture, slightly resinous lustre ; Feldspar (passing to Granite). 

Accidental minerals : Fluorinej Apatite^ Topaz, Tourmaline 
Emerdldf Copper JPyrites, Mispickel, etc. 

72. Mioa Schists. — A crystalline, granular assemblage of 
Mica and Quartz of schistose texture. Mica forms, generally, 
one third or one half of the mass, but sometimes the quantity of 
Mica is so small as to merit only the name of Micaceous Quart- 
zoso Schist, In other cases. Quartz is nearly wanting. The 
proportion of Silica varies from 40.7 to 69.45. It attains 82.38% 
at Mont Rosa. 

Mica presents itself in rocks in the condition of independent 
scales disposed in thin layers. Quartz, crystalline and granular, 
fills the space which separates these layers, which exist in par- 
allel bands, plane, undulated, or folded in zig-zags. The 
more abundant the Mica, the more schistose the rock. The 
rock is easily split along these bands of Mica. Such a fracture 
is often wrinkled. It reflects light brilliantly and shows no 
Quartz. It is only in a fracture across the layers that one can 
see the true proportion of Mica. 

When the Quartz is very abundant, the schistose character 
is only slightly apparent, and the Quartz forms nodules sur- 
rounded by the Mica. The Mica is usually one of the potash 
fieries, having two optical axes. It is generally clear gray, 
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green, yellow, or white. Certain Mica schists have a black 
color, owing to a ferro-magnesian Mica of this color. 

Damouriteof a pearly lustre and containing water, sometimes 
replaces true Mica. 

Accessory elements of the Mica schists : (1) Graphite. It 
replaces Mica more of less completely and gives the rock its 
characteristic lustre (Graphite Mica schist J. 

(2) Cdlcite. This replaces the Quartz in Calcareous Mica 
Schists (passage to Cipolins). 

(3) Garnet Sometimes as abundant as the essential ele- 
ments, it forms rhombododecahedrons of red or brown grains. 
It seems to have crystallized after the Mica. 

Mica Schists are associated with Feldspar, TdlCy Chlorite, 
Amphibole, passing to Gneiss, to Talcose, Chloritic, or Horn- 
blende Schists. Bed oxide of Iron establishes transition to 
Itabirite. 

Accidental minerals are extremely numerous. We will cite 
only : Tourmaline, Anddltcsite, Staurotide, Emerald, Apatite^ 
and occasionally Ctibic PyriteSj Mispickeh 

Mica Schists cover or envelop the Gneisses. They form 
sometimes high mountains intersected by great crevasses. The 
alteration consists chiefly in the per-oxidation of the Iron con- 
tained in the Mica. When complete, it results in an ochrey 
clay, sandy and micaceous. 

Micaceotis Sand. — ^Mica in Scales mixed with Quartz, in grains. 

73. Minette (Syn. Fraidronite). — 

Essential elements : a paste of Orthoclase, a nearly equal 
quantity of Ferro-magnesian mica, and, occasionally, Hornblende. 
It contains Silica, varying from 50 to 65%. M. Delosse, who 
made a study of this mineral, considers it Eurite with an excess 
of Mica 5 richer in Magnesium and Iron than Porphyry. The 
rock is black, sometimes brown, in consequence of alteration, and 
often brilliant. That of Alsace has a density of 2.65. Easi- 
ly fusible before the blow-pipe. The paste is deep gray or red- 
dish-brown, sometimes porous. It often contains laminae of red- 
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dish Orthoolase. Sometiines distinct crystals of Orthoclase give 
to the rock a porphyritic appearance. The Mica is of a black- 
ish-brown. The two axes diverge, at most, 5^. Hornblende 
of a grayish-green or deep green color ) it contains about 10% 
of water. It is altered. 

Accessory elements : (Moriie, Oxideqflron, Carbonate o/Iron. 

Accidental elements : Calcite, Quartz rare, Epidotej etc. 

When the Orthoclase appears in globules, the rock becomes 
globuliferous. It separates naturally, and the Minette assumes 
a schistoid character and sometimes divides into parallelopipe- 
dons. It forms veins in Granites and in the Syenites of the 
Vosges. It is found in Saxony, called Trap glimmer by 
Naumann. The Minette of central France was called Fraid- 
ronite by Dumas. 

74. Leptynolite. — This name, Gordier has given to rock 
which bears the same relation to Minette as Gneiss bears to Gran- 
ite. It is of a gray color, more or less blackish ] schistose ortabn- 
lar; and is formed of Mica and Feldspar. It is generally speck- 
led with a black material externally, but is white in stripes and is 
regarded as a made imperfectly developed. It belongs with 
the crystalline schists and is classed by German lithologists 
among the older argillaceous schists. 

75. Kersanton. — Grayish or greenish-gray rock, composed 
of a green or gray paste of Oligoclase, with a much smaller 
quantity of Mica of a copper-brown or blackish color, containing 
Manganese and Iron j and, finally, of Carbonate of Iron mixed 
with Oalcite, visible under a slight magnifying power. The 
Oalcite often forms nodules which are enveloped by the Mica. 

Oligoclase is sometimes found in separate distinct crystals, 
white or greenish-white, giving the rock a granitoide texture j 
it has generally been altered, which renders it easy to crush or 
out. Kersanton is discolored when treated with hot hydro- 
chloric acid. 

It bears the chisel of the sculptor, as may be seen in the 
monuments of Brittany. M. Delesse has made a study of it. 
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He shows that the rock does not contain Amphibole. It is^ 
accordmg to this same lithologist, sometimes fomid in an anal- 
ogous rock of Visembach. This roc^, of a blackish-green color 
contains more than 70% of Oligoclase, generally in the state of 
paste, and less than 30% of Mica in microscopic particles mixed 
in the paste. It effervesces in acids and contains as accidental 
minerals : Cubical Pyrites ; Magnetic Pyrites ; Chako-Pyrites ; 
and AmygddUndai forms of Quartz^ Chlorite^ I}pidote and CalC' 
Spar. 

M. Delesse regards these characters as sufficiently different 
from those of Kersanton, to warrant the name of Kersantite. 



CHAPTER VI. 

GHLOBinG ROCKS. 

76. Ghloritio Schist. — ^Aggregate of a more or less green- 
ish color and schistose texture of chlorite, generally mixed with 
Quartz in grains. Generally, notwithstanding their schistose 
character, these rocks are not easily separated into laminae. 

Accessory minerals: Feldspar, Actinolite, Mica, and Tcdc. 

Accidental minerals : Carbonate of Magnesia : Magnetic Iron 
ore in octahedrons j Garnet in rhombododecahedrons, often of a 
hyacinth-red color j Biopside ; Epidote ; SpJiene ; Actinolite ; 
Tourmaline ; Cortmdum ; Iron and Copper pyrites ; Calcite in 
mass J Qiuirtzite in layers; Serpentine, The Chlorite schists 
alternate with the other crystalline schists — ^Talcose schist, 
Mica schist. Hornblende schist, etc. Allied to these rocks is 
Topfstein. Associated with the Chlorite schists also are Satin 
Phyllades of Canada, which contain numerous crystals ofPyro- 
phyllite wliich is doubtless an essential element. 

77. Glauoonyte. — ^Tliis name is given to a Silicate of Iron 
with Potassic hydrate. These rocks differ chemically from the 
Chlorites in containing much more Silica (40 to 54%) ; and, gen- 
erally, much less Alumina (2 to 7%). It is known only in grains 
mixed with calcite or sand which give it an oolitic appearance. 
Examples: Glauconyte or Chloritic chalk of the Paris basin j 
Glauconyte from Silurian beds in Eussiaj Glauconyte Sand- 
stone, generally green or brown when the Ferrous oxide of the 
Glauconyte passes to the condition of a hydrate. 

Grains of Glauconyte often present themselveg in the form of 
shells fitting one on the other. They are found at St. Peters- 
burg, in the Devonian system; they characterize the green 
Sandstone of the Paris basin and the Tertiary formation at 
Vienna and abound in the Swiss Molasse. 
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78. Chamoisite— Eock of a bluish-black or greenish-gray 
color with an oolitic or compact texture and an earthy aspect j 
owing these characteristics to its essential elements. 

The mineral Chamoisite contains 50 to 60% of Ferrous oxide ; 
12 to 14% of Silica ; 7% of Alumina j and 17.4% of water. 
Specific gravity is above 3. It yields black magnetic scori» 
before the blow-pipe, and deposits gelatinous Silica in hydrochloric 
acid. It is often mixed with a large amount of Oalcite. This 
mineral forms veins in the Swiss Jura. 

An analogous Berthierite, a mixture of Ferric carbonate and 
oolitic Limonite, forms the Iron ore of Hayanges. 

Calamine. — Hydrosilicate of Zinc in nodules, in concretionary 
masses, earthy, white, sometimes blue or green. The crystals 
are right prisms with rhombic bases. They are pyro-electric. 
It is soluble in acids, forming a jelly. Yields water in the closed 
tube and fuses on the edges before the blow-pipe. 

The powder heated with nitrate of Cobalt gives a green re- 
action. 



OHAPTEE Vn. 

PDBIDOTD, TALO, AND OTHEB MAGNESIAN 

SnJOATBS. 

70. Lherzolite. — ^A granular mass, composed of Peridote in 
ollvo-groen grains, infiisible before the blow-pipe, forming a jelly 
in acids ; of Enstatite in grayish-brown grains, difficult to fuse 
and insoluble ; ofchromiferous Diopside in emerald-green grains, 
fusible to a green bead, giving chromium reaction with salt of 
Phosphorus ] finally, of black grains of Pleonaste, containing S% 
of Ghromium and called Picotite. (This analysis is due M. Dam- 
our). In the mass, the rock is green or blackish-green, with a 
density of 8.28. 

80. Dunite. — ^A crystalline aggregation of grains of Peridot 
of a grayish or yellowish-green color with a greasy or 
vitreous lustre, in the fracture. Density, 3.3. Hardness, 5.5. 
Infusible. Dissolves in hydrochloric acid. 

81. Serpentine (Syn. Ophite). — Eock formed essentially of 
the mineral of the same name, and which was regarded by the 
ancients as the best remedy for the bites of poisonous serpents. 
It is a Magnesium silicate and hydrate containing 40 to 44% 
of Silica 5 33 to 43% of Magnesia ; 10 to 15% of water j 1 to 
10 of Ferrous and Ferric oxides ; and from Ito 6% of Alumina, 
and, rarely, a little Chromium or Nickel oxide. It is compact, 
fine-grained or foliated, slightly laminated, but with the laminse 
inseparable ; or sometimes fibrous with the fibres forming a 
kind of Asbestos called Ghrysotile. It ifi separable into large 
blocks or masses, whose surfaces present a characteristic lustre 
like varnish. 

Often these masses are separated by layers of Mica, Chlorite 
and Calcite of fibrous texture. It is soft to the touch, sometimes 
rough. Its hardness, from 3 to 5 ^ density 2.63. 
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Preckms Serpentine is a translucent variety with a color 
varying from a sulphur-yellow to an asparagus-green. 

Common Serpentine^ more opaque, exhibits colors varying 
from clear green to dark green in the same mass, so that, when 
polished, it resembles the skin of a snake. It is sometimes red, 
brown, or even black. The lustre is dull or resinous, with a 
fracture generally laminated. In the closed tube, it yields water 
and blackens. Its fusibility is about that of Talc. It is decom- 
posed by hydrochloric or sulphuric acids, depositmg Silica. 

Accessory minerals : DiaUage. 

Accidental minerals : Crarnet, 

Serpentine has generally a schistose texture, found in crys- 
talline schists or sometimes in veins. It forms dikes, breaking 
through sedimentary rocks of different ages, and is found with 
the Gabbros, with Eclogite and DiaUage, or Hornblende rocks. 

It contains considerable masses of chrome Iron or Magne- 
tite. 

It resists atmospheric agencies and yields nothing to vegeta- 
tion ; in New Caledonia and among the Alps, the inhabitants 
apply the name Dead Mountains to hills composed of these masses. 
The prolonged action of the water and carbonic acid of the atmo- 
sphere finally produce carbonate of Magnesia, Opals, fine Silice- 
ous deposits, and sometimes sulphate of Magnesia, when the 
original rock contains Pyrites. A serpentine-like mass in little 
laminse, which is regarded as arising from the decomposition of 
crystals of Peridot associated with Feldspar, is called by the 
Grermans ForeUenstein. These two elements can be distin- 
guished only when they are of considerable size. This rock 
is quite abundant at Volpersdorf. 

82. Meerschaum. — ^Magnesium hydro-silicate. Dull white, 
or faint rose color ; hardness 2.5 ^ density 1.2, in the best speci- 
mens. It releases water in the open tube, fuses with difficulty 
but is decomposed by hydrochloric acid, the solution giving 
Magnesium reaction. 

83. Taloose Sohists— An aggregate of laminse or scales 

4* 
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of Talc, with distinct schistose texture, of a clear yellow, green- 
ish, or emerald-green color, rarely red ; soft and greasy to the 
touch. 

Accessory elements : Quartz in elongated masses ] Feldspar; 
Chlorite; Mica. In certain varieties, the Feldspar forms nod- 
ules, producing contortions in the laminae. 

Accidental minerals : Garnet, Tourmalines Staurotide, Bis- 
thene, Oxide of Iron, Pyrites, Graphite, Dolomite, Corimdum, etc., 
in alternate layers with the other crystalline Schists. 

Topfkteaj^Fierre a pot, pierre ollairej : 

(1) ATl'alcose variety formed of compact and impure Steatite j 

(2) Ghloritic talcose variety, the most common. 
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CHAPTER VIII. 

ABOIIiLAOEOnS SCHISTS AND SLATBS. 

84. Slates (Phyllades). — This rook is characterized by 
the property to which lithologists give the name cleavage j not 
applied, as in the case of minerals, to a body of definite compo- 
sition. It is exhibited in rocks of different character and in 
constant direction, but generally oblique to the plane of strati- 
fication. 

Generally, this property in the slates is accompanied by a 
cohesion quite exceptional, which renders the separate laminae 
of sufficient strength to be employed for roof coverings. Slates 
generally present the following characteristics : their cleavage- 
surface is always flat, sometimes scaly ; they present a lustre fre- 
quently like that of satin or silk. Those varieties which con- 
tain carbonaceous matter present a pearly lustre and may be 
decolorized when raised to a temperature sufficient to bum 
their carbon. The powder is soft to the touch. They fuse 
before the blow-pipe and sometimes exfoliate. 

The lower strata which touch the crystalline schists.and some- 
times alternate with them, resemble the micaceous, or talcose 
schists by their glittering or satin lustre and by their low degree 
of hardness. The upper strata pass insensibly into argillaceous 
schists. They are harder than the preceding, but easily scratch- 
ed by a steel point. 

Chemically they contain 60% of Silica j 15 to 20% of Alum- 
ina ; the remainder being a variable proportion of Magnesia, 
Potassa, Calcium, Sodium, and water. The water is not always 
present, but sometimes it reaches 2 or 3%. 

Hydrochloric acid dissolves from 12 to 27%; Sulphuric acid 
from 25 to 50%. Specific gravity, from 2.64 to 2.95. 

Slates appear to be composed of : 

(1) Particles extremely fine and not widely different from 
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Talc in their tsomposition or physical properties, and are allied, 
the one to the Micas, and the other to the Glinoclores. 

(2) Feldspar and Quartz forming a paste of grains. Often 
also of oxides of Iron and Anthracite in minute particles. The 
shining or micaceous slates are doubtless richer in materials of 
the first group. 

List has found Sericite as an essential element in slaty schist 
of Taunus. Pyrophyllite, nearly compact, forms true strata in 
the United States (Deep River). Often, different varieties are 
intermingled. In the slates of Ottrez, an amorphous material 
allied to Pyrophyllite forms a matrix enclosing Quartz and Mi- 
ca. 

The colors of slates are various; green, violet, blue, red, gray, 
yellow, black and their mixtures. Black is due to carbona- 
ceous matter. Some other colors are produced by the oxides of 
Iron. Green is due to chlorite or some organic matter. 

Accessory elements : Graphite^ Amphtbole, Talc, Chlorite, 
MagneUte, Made. This latter produces schists of a deep black 
color, composed of slates whose faces of fracture are rendered 
rough by innumerable crystals of Made disseminated through 
them 5 Staurotides forming schists (crystals badly defined), 
Quartz sand, Crystalline Quartz in veins. 

Nodular 'Slates. In some kinds of slates are Pjnites which 
seem to have replaced fossils ) others which contain Mica ,* and 
others again, which lithologists consider as Fahlunite or Made 
(Glandular schists). In certain varieties the Made presents it- 
self in blackish spots (Spotted schists). It is difficult to tell in 
many cases, whether to class the rocks among the slates or the 
Mica schists. 

Porphyroidal Slates. Some kinds take this name from the 
numerous crystals of Feldspar which they contain, the deposit 
of which was evidently subsequent to the formation of the rock. 

Slates envelop Mica schists; most of them belong to the tran- 
sition rocks ; some occur in the cretaceous formation of the Cau- 
casus and the Eocene of Switzerland. At the other extremity 
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of the series of stratified rocks, they alternate with Talc and 
Talcose schist, in the Alps at Salsburg and in Silesia ; with 
sand, clays, and limestones in Bohemia, England, and the Hartz. 

They constitute great folded masses, sometimes appearing in 
abrupt and sterile cliffs. 

In some varieties, in addition to the plane of easy cleavage, 
another is found parallel to the plane of stratification, and the 
rock breaks easily into small crayon-like prisms. 

85. Novaoulite (Whetstone). — ^A slate impregnated with Si- 
lica, which renders it harder, and gives it a slightly conchoidal 
fracture, and makes it less fissile. It passes to ordinary slate. 

86. Clay-slate (Schisto Argileux). — ^Rocks of an eminently 
slaty texture, composed of clay, often mixed with Mica in scales 
and generally with grains of Quartz. They are Silicates of 
Alumina containing 4 to 5% of wat^r. Frequently the schists 
of the transition formations exhibit this particular fissility which 
is called cleavage in the slates ; they are also very compact, and 
their surface-fracture is very smooth. 

The carboniferous clay slates, so rich in graptolites of the 
upper Silurian formation, are examples of these rocks. The 
slates of the higher formations have a larger grain j they are 
more friable and their stratification is more apparent. They 
are sometimes distinguished from the preceding by the term 
slate clays (argiles schisteuses). 

Sometimes the scales of Mica appear on their fracture-surface, 
giving them a lustre. They are easily fusible before the blow- 
pipe. They often contain carbonaceous matter and Bitumen, 
Pyrites, Blende, Galena, Nodules of Spathic Iron, impressions 
offish scales filled with sulphide of copper. 

87. Axnpelite is a clay schist, or slate ] soft, dull, black, 
impregnated with Anthracite and Pyrites, the sulphur of which 
oxidizes, forming a sulphate with the Iron or with the Alumina. 
The sulphates resulting from this decomposition, are used as fer- 
tilizers. When the carbon is in large proportions, Ampelite is 
used for black crayons. 
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88. Argillite (Syn. Clay stone). — This rock bears the same 
relation to the Clay slates as Novaculite does to the preceding 
series. These compact, solid masses are formed of Alumina 
combined with an excess of Silica j they have an Argillaceous 
odor, but fuse with difficulty. They • adhere slightly to the 
tongue. They have flat or conchoidal fracture and sometimes 
a Jaspery aspect. They form massive beds which tend to divide 
into little fragments. 

It seems proper to include here, certain siliceous schists, too 
hard to be scratched by a steel point, but fusible, although with 
difficulty ; for example, a schist of Osterodo in the Hartz which 
contains 61.24% of Silica ; 18.75 Alumina ; 11.70 Ferric oxide ; 
the remainder being Magnesia, Potash, and Soda. Argillite 
exhibits all degrees of transition to the siliceous schists, and is 
found in beds in transition, and in carboniferous formations. 

89. Thermantides (PorceUanites). — Rocks resembling en- 
amels, more or less vitreous j of a lavender, pearl-gray, yellowish, 
brownish, and sometimes of many other colors arranged in par- 
allel bands. They are compact, sometimes slightly schistose, 
opaque or slightly translucent and fusible to clear globules. 
They result from the vitrification of clay in contact with Basalts, 
or from coal deposits burned. 

90. Kaolin (Porcelain earth). — Silica 47.05 ; Alumina 
39.21; Water 13.74. Density varies from 2.4 to 2.6 j hardness, 
1 to 2.5. The lustre is pearly or earthy ; it sticks to the tongue ; 
it is generally found in large masses j white, reddish, and 
more or less mixed with oxide of Iron, Quartz, or Mica. In- 
fusible and not attacked by boiling Sulphuric acid. It results 
from the decomposition of Aluminic silicates, principally of 
Feldspar, Granite, Gneiss, Pegmatite, Porphyry, or Trachyte. 

It serves sometimes as the cement of sandstones and conglom- 
erates. 

91. Flastio Cl&'y{ArgUe Plastiqtie), — This possesses more 
Silica than Kaolin and forms a paste with water, which is easily 
moulded and preserves the form impressed upon it. In the dry 
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state, it is more or less earthy, friable, dull, soft, unctuous. It 
contains veins of a red, yellow, greenish, bluish, or blackish 
color. Density, 2.44. It is infusible. Is attacked by sul- 
phuric acid, especially after calcination. 

The purest varieties are used in porcelain manufactories. 
Othei^, having a larger amount of Silica, are used to make 
Fayence. When it is colored by carbonaceous matter, it is 
decolorized by fire. The reds, yellows, and greens become red 
by baking; 

Pottert/ earth. — More friable and fusible. Often a mixture 
also of some hundredths of Quartz sand or Lime. It contains 
also white Pyrites, Gypsum, Lignite, and Aluminous limestone, 
called Septaria. When the proportion of Lime is more than 
20%, the mixture is called Marl. 

92. In certain varieties, the Alumina is, in part, replaced by red 
oxide of Iron to the extent of from 15 to 20 %. The very fer- 
ruginous rocks, called holes, are greasy to the touch, and break 
into fragments when treated with water. They are in part at- 
tacked by hydrochloric acid and are fusible. They are found 
in the Melaphyres and Basalts. 

93. lithomargre. — Compact clay ; greasy to the touch} frac- 
ture often conchoidal ; colors, often in bands j slightly harder than 
gypsum 5 density 2.5. to 2.6. Chemically it differs slightly from 
Kaolin. It is found in veins, in contact with Porphyry and Ser- 
pentines. 

94. Puller's Earth. — Contains more than twice as much 
water as the preceding. Sticks to the tongue, and is valuable 
for its power of absorbing oil or grease. 

It is fusible before the blow-pipe. Does not form paste in 
water, but is attacked by acids and alkalies. It is generally 
grayish or greenish, but sometimes spotted. In a fresh fracture 
it has quite a lustre. 

95. Magnesian Clay. — ^This is a mixture of ordinary Clay 
with Magnesite. Absorbs water very readily. It is found in 
the tertiary beds near Paris. Forms a jelly in hydrochloric acid. 
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96. Loam (Limo), — Clay mixed with very fine sand; 
sticks to the tongue ; has a brown or yellow color owing to the 
oxide of Iron. It generally -contains sulphates and phosphates 
of the alkalies, and some organic matter. It forms the fertile 
soils. 

97. Vegetable Mold {Terrau).—A brownish or greenish 
or blackish loam containing 7% of organic matter, of a remark- 
able fertility. It covers eighty millions of hectares between 
the Carpathian and Ural mountains. The microscope reveals 
diatoms in this earth. 



CHAPTER IX. 

smzoBonB books. 

Silica eziata in two isomeric oonditionB ; in the first, it is in- 
soluble in acids and alkaline Bolutiona. It is 
always anhydrouajithaB&crystallinestracturQ 
and a density of 2.6. It is this which forms 
quartz crystals, agates, and jaBpers. The 
seoondTariety oontainawater; has a density of 
2.2 or moro. It is exhibited in the Opal. 
All Tarieties of Silioa are attacked by hydro- 
fluoric acid. 

RockOryBtaL—SiOj. Silicon, 46.67; Oxy- 
gen, 53.33. Forms a regular hexagonal prism, 
terminated by ahezagonal pyramid (Fig. 24); 
or the pyramid only, maybe exhibited (Ftg.25). 
Quartz has a hardness of 7 ; it scratches 
Feldspar, and is marked by Topaz. 
When powdered, it may be fused with 
potash. When pure, it is colorless and 
limpid, but is often black, through the 
presence of carbon [cri/staijum4e) ; vio- 
let from Manganese {Amethi/st) ; red or 
Fis. 3S. yellow irom oxide of Iron ; and rose 

or greenish from other matters. It often has a greasy aspect ; 
and always a vitreous fracture. 

OS. Masedve Quartz. — ^Masses more or less fissured, of a 
milk-white or grayish-white color, irregular fracture, greaay 
lustre, traversing the sedimentary and lower transition rooks. 

99. Tourmaline Quartz. — Granular or schistose ^gre- 
gate of grayish Quartz grains, and black or deep green grdina 
of Tourmaline, associated with the Granites or Pegmatites. 
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100. Topaz Bock (Topaz fels), — A Breccia-like aggregate 
of pale yellow Topaz, Hyalin, Quartz, and black Tourmaline. 

Accidental minerals : Apatite, Cassiterite. 

101. Quartzites. — Accessory elements: Mica, ToUc, Feld- 
spar. Varieties : Granular Qtiartzite, gray Quartz grains ag- 
gregated without cement. Sometimes the grains are very 
small (compact Quartzite). These rocks assume a porphyroidal 
aspect when they contain distinct crystals of Feldspar. 

Elastic Qvuirtzite, — ^The grains are arranged in rows or files 
separated by layers of Mica scales. The rock has a loose tex- 
ture and considerable elasticity. 

Schistose Quartzite. — ^The schistose character arises firom 
laminsB of Talc or Mica distributed in parallel layers, along 
which the rock is easily divided. 

The Quartzites are found principally in the midst of Mica 
Schists. They form dome-like mountains, rising from the de- 
bris of rocks which have given way earlier to the atmospheric 
influences. 

102. Agates— Apparently a mixture of crystallme Quartz, 
and amorphous Quartz with a conchoidal fracture. . The lustre 
is something like that of wax, bright on polished surfaces. The 
colors are bright, often varied in the same fragment, and fre- 
quently in parallel bands or concentric zones. 

103. Flint. — It has a conchoidal fracture, breaking into 
sharp-edged fragments, translucent at the edges. Acted upon 
slightly by Hydrate of Potash. It contains 1% of water and 
1% of Lime, Alumina, and oxide of Iron. Under friction, it 
gives a peculiar and slightly bituminous odor. Flints are 
widely distributed in irregular layers, in the secondary forma- 
tion, particularly the cretaceous. Color : variable j generally 
gray to black. 

Hornstone {SHex Comi), — ^Flint with a flat conchoidal fract- 
ure ; gray to brown ; often schistose j Burrstone {Meulidre). 
Flint of a greenish-white or yellowish color with a resinous or 
earthy lustre. It is frill of minute cavities, sometimes frill of 
clay. 
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104. Jasper. — Cry stallino quartz in compact masses, opaque, 
dull, and colored yellow, red, green, black, bluish, pearl- 
gray by different matters. Often the colors alternate in paral- 
lel bands. It is hard and capable of receiving a beautiful pol- 
ish. It is found in small masses in the vicinity of Serpentines 
and Melaphyres. 

105. Quartz Scbista {Fhtanites), — ^A kind of black Jasper 
composed of Quartz containing clay and Ferric carbonate. The 
colors are black, brown and greenish. Proportion of Silica 
75%, or less, to 96%. 

It often presents itself in very thin layers. It abounds in 
the transition earths {Bohemia) ,* and elsewhere in the carbon- 
iferous {Belgium), 

106. BeeimteB. — ^Amorphous Silica of a gum-like structure, 
soluble in hydrofluoric acid and boiling alkaline solutions -, it 
may be fased with potash. Generally transparent ; sometimes 
opaque ; conchoidal fracture ; lustre resinous. Iridescent lustre 
in the opals of Hungary and Mexico. Colors : bright and varied. 
Hardness, 5 to 6. Density, 2.2. Often contains water in great 
quantity ; somethnes very little. 

A variety, found at Bry-sur-Mame, contains much water, but 
loses it when exposed to the air. It recovers this water in a 
humid atmosphere. 

Opal is found only accidentally in the rocks. It occurs in 
veins in the Trachytes, and in small nodules in the Sedimentary 
rocks. (M^nilite ; opal with a dull fracture, splintery, grayish 
or bluish-gray color). 

G^yserite. — Siliceous Sinter. More or less compact 3 often 
friable, forming stalactites and incrustations, disposed in zones, 
etc. Color varying from snow-white to grayish-white, bluish, 
reddish ; often full of cavities. 

107. Gaise. — ^This name is given to a hydrated siliceous 
earth. 

108. Inftisioral Earth {SUice Farineuse). — An impalpa- 
ble Siliceous powder, of which each grain is the skeleton or 
carapace of some infusoria. 
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Tripcli {Polishing slate), — ^An eminently schistose rock^ of 
earthy appearance, the fine scales of which result from the jux- 
taposition of grains of the preceding variety. 

109. Gritstone {€rr^). — Bock composed of irregular 
grains, cemented by the same or a foreign material. The name 
is applied to either fine grains of Quartz, Feldspar, or laminsB 
of Mica, cemented either by silica or lime or clay, or a mixture 
of them. 

Siliceous Sandstone {Grhs Qviartzeux), — Composed of gray or 
limpid grains of Quartz. The surface is irregular. Crystal- 
line facets are rare. It exhibits a splintery fracture, more or 
less conchoidal. Color : grayish-white or colored by foreign 
matter. The cement of Silica gives it great coherence, consid- 
erable hardness, and quite a shining lustre. 

In the Codciferous Sandstone the cement is of lime, more or less 
mixed with Mica or Glauconite. It is friable. Hydrochloric 
acid dissolves the cement with effervescence and releases the 
sand. A Schistose sandstone is found in the variegated sand- 
stones of the Lias formation. 

Argillaceous sandstone, — The cement is clay with oxide of 
Iron. Broum sandstone has larger grains with an argillo-ferru- 
ginous cement. Quader sandstone is made up of cubical blocks 
cemented together. Vosges sandstone is composed of translucent 
grains of Quartz, of considerable size 5 bright surface, mixed 
with dull white grains of Feldspar, and cemented by a paste of 
a red, violet, or ochre-yellow color of ferruginous character. 
Ferruginous sandstones are found in the old or the new red 
sandstone formations. Glauconite sandstone contains grains of 
Glauconite of a green or brown color. It is found in the Dev- 
onian, Cretaceous, and Tertiary systems. Some sandstones 
contain a cert-ain amount of bitumen {Bituminous sandstones). 
Some others contain debris of slates (slaty sandstone). 

110. Arkose. — Sandstone composed of grains of Quartz and 
Feldspar. M. De Bonnard applied the name to a portion of 
the lower lias group which consists of the debris of granitio 
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rocks; Feldspar; Mica in non-elastic lamin» and a much 
greater quantity of granular Quartz ; the whole united by a ce- 
ment of calcite, more or less crystalline ; often also of a chalce- 
donic paste resembling homstone, or finally of a mixture of 
Quartz and Baryta, or Fluor-spar. The rock is then a sand- 
stone or a conglomerate, dependent upon the size of the frag- 
ments. It is nearly always a sandstone, but sometimes resembles 
granitoid porphyry. 

Accessory minerals: Fkuyr-sparj BarytUe, Quarts^ CMena, 
Pyrites. 

111. Mloaoeous Sandstone {Crr^s Psammite). — An as- 
semblage of grains of Hyalin Quartz, scales of Mica, and grains 
of Feldspar, joined by an argillaceous cement, often very schis- 
tose. Colors, red or blue (Buntersandstem). 

Gordier applied the name of Metaxiie to Arkose that con- 
tained kaolinized Feldspar. 

112. Maoigno Sandstone. — ^A sandstone composed of grains 
of Quartz and Feldspar, with scales of Mica distributed in par- 
allel planes, giving it a schistoid character. The siliceous mat- 
ter which servos as a cement, renders it solid enough to merit 
the name of Fietra forte. It is the characteristic rock of the 
Eocene of Italy. 

113. Molasse Sandstone. — ^A Sandstone of the Alps made 
up of Quartz, Feldspar, some Galcite, Mica and Glauconite. 
Its calcareous or marly cement gives it the character expressed 
by its name. 

From the above may be seen how numerous are the Sand- 
stones. Only the most characteristic forms have been here de- 
scribed. They are found in all regions of the earth. They 
form mountains of considerable size, rounded into domes, 
and divided by immense crevasses. 

114. Sand (Sable), — Tl\is name is given to loose grains of 
different materials, more particularly Quartz. It is the princi- 
pal element of the moving soil or dunes of the desert. It is the 
chief material of alluvial deposits. It is a necessary element of 
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iEurable soil, as it tends to render friable those materials, which, 
without it, would bo too compact. It is often penetrated or in- 
crusted with oxide of Iron (Femiginous Sand), It sometimes 
contains fragments of Garnet crystals, titanic Iron, or oxide of 
Tin, etc. When it contains pebbles of Quartz, it is called 
gravel. 

115. Quartz Breooia (Brhche de Qiuxrtz), — Quartz in an- 
gular fragments, united by a siliceous cement often ferruginous. 
The Silurian formation presents the greatest number of examples, 
but it occurs in the carboniferous. 

116. Jasper Breccia (Brbche de Jaspe). — Jasper in an- 
gular fragments imited by a siliceous cement. 

117. PuddinfiT QtonefPotidingtieJ. — Conglomerate of Quartz 
pebbles or rounded fragments of Flint united by a siliceous 
cement. Quartziferoiis P. with pebbles of Quartz in a crystal- 
line mass, SUiceous P. Pebbles of Flint. 

The new red sandstone in Saxony exhibits two kinds of rock. 
The conglomerate consists of blocks distributed through a 
cement of fine particles. The fragments differ widely^ from 
each other ; being fragments of Granite, Gneiss, Mica schist, 
Porphyry, and Clay slates. The rock passes to a sandstone in 
which the Quartz predominates. Many conglomerates of the 
Alps are also polygenic j among them are : 

118. GrayWaok^. — This is abundant on the borders of 
the Rhine. The cement is smoky gray, reddish, or brownish, and 
appears to be an argillaceous schist, impregnated with Silica. 
It binds together particles of Quartz, Feldspar, and Clay slate, 
or Phtanite and Siliceous schist. Scales of Mica often render 
it schistose. 

119. Anagenites. — Cordier applies this name to sandstones 
in which the element Clay slate predominates j Traumates to 
those in which argillaceous slate dominates. 

120. Nagelflue (Nagelfiulw), — This rock forms the Eigi ; 
it is formed of debris of Jurassic limestone, clay or siliceous 
schists, Quartz, and a siliceous and calcareous cement, not very 
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abundant. The pebbles or grains are rounded and appear on 
the surface like pin-heads 3 hence the name. 

121. Psephyte, a conglomerate of Porphyry more or less 
altered, of Granite, Schistose rocks, cemented by a clayey ma- 
terial which arises from the decomposition of the Feldspar. 
This rock is found in deposits alternating with layers of Mela- 
phyres, at the base of the Permian and in the Carboniferous 
systems. It generally contains rounded pebbles of Quartz and 
fragments of other rocks. Conglomerates of Melaphyres 
are also found. They sometimes exhibit a schistose character 
passing to Gray Wacke. 
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122. Natron. Carbonate of Soda (Na Co,+10 H,0). Fonn : 
I Oblique prism (Fig. 26). Denslly, L423. 
Colorless •when imre; vitreoua lustre ; gen- 
erally dull. It efferresces in acids, is solu- 
ble ID water : colors the flame yellow and 
yields water in the closed tube. 

123. Trona — Also a carbonate of sods 
I with same characters as preceding. 

124. Borax (TMi&ri). — Soaio borate. 
Fig. ao. Forma : nearly identical with those of Pyr- 
oxene. ColorleBS when pure; soluble in water and fusee to a 
transparent globule, and, if mixed ^th Fluorspar and Potassic 
fiulphat«, colors the flame green. Found native in Thibet and 
California. 

125. Nitre.— StOtpetre. Potasdo nitrate {K NOa). Form: 
double hexagonal pyramid derived from a right prism witb a 
rhombic base, whose angle is 118° SC. Hardness, 2 ; donsity, 
2.94. Colorless; vitreous Imtre; bums violently ou charcoal. 
Soluble in water. 

126. Nitratane. — Sodio nitrate. (Na NO3). Cleaves in 
rhombohedrons. Has a density of 2.2, and colors the flame 
yellow. It is found in Chili 

127. Book Salt (Sd gemme. Stein sale). — Sodio chloride 
(Na CI). Form: cube tmd cubo-octahedron. Hardness, 2; 
deiMiity, 2.2. to 2.3. Colors: flame-yellow; fuses; soluble in 
four parts of Water. It gives with nitrate of Silver a white 
precipitate, which may be redisaolved by an excess of Ammonia. 
It is found in masses with a oublcal cleavage. It is colorless^ 
blue or green, from aalts of coppery a brick red by oxide of 
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Iron^^ orange red through infusoria. It is often .distributed 
through clay or marl deposits. 

It is found in the Silurian rocks in Ohio, Virginia, Pennsyl- 
vania, and New York. Also in the lower Triassic of Tyrol, the 
Permian of Mansfeld and in the Muschelkalk of Wurtemberg. 
It forms extensive deposits in the colored marls of England 
and Germany^ in the same formations of Switzerland; France, 
and in the Jura. It is found among the ejected matter of vol- 
canoes, and in extended masses whose geological position is not 
known, in Asia and Africa. It is the salt of the ocean and 
the salt lakes. * 

128. Gamallite. — Potassium chloride and Magnesium 
hydrate (KCl+(MgCl)2+12H20). Colorless when pure. 
Sometimes mixed with Ferric oxide and presents itself in gran- 
ular masses. It is soluble in water. Yields water in the closed 
tube. 

129. Cryolite. — ^Fluorides of Sodium and Aluminum. Hard- 
ness 2.5 to 3. Density 2.96. Barely exhibiting crystals; 
found generally in milk-white masses, colored sometimes yellow- 
ish by carbonate of Iron. It is easily fusible, colors the flame 
yellow, and is colored blue by nitrate of Cobalt. It is soluble 
in nitro-hydrochloric acid and is precipitated by sulph-hydrate of 
ammonia. Insoluble in Ammonia. 

Sulphuric acid disengages hydrofluoric acid, which may be 
detected by its action on glass. 

5 
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CHAPTER XI. 
BOOKS OP THE AT.TTAT.rw w BAHTHS. 

130. Staasflirtite. — Agranular aggregateofKtigiiesinm bo- 
rate, Magneeium chloride, and a small quantity of sulphnric acid. 
Fotind in noduba in llock salt of Stassfiirt. Solnble in hydro* 
chloric acid. 

131. Muorspar (Fluorine. Flu3scUh). — Caldo Flaoride 
(Ca yij). 

Crystal ; form i the oube modified upon its aisles or its edges. 
Form of cleavage, regular octahedron. Hardness, 4. Density, 
3.18. Colors: varied and bright ; sometimes colorl^is and trans- 
parent. Fuses with difficulty. Treated with sulphuric acid, it 
corrodes glass. Ezbibits a bluish fluorescence when heated in 
a closed tube. It exhibits itself in scattered veins in granitjo 
rocks and quartziferous porphyries. 

132. Galcite {Calcspar. Icelandspar. Caleaire. KtAlcatein).— 
I Calcium carbonate. The rhombo- 

bedral forms have three equal cleav- 
ages forming an obtuse angle 105° 5'. 
Dominant forms: sometimes obtuse 
rhombohedrem, sometimes rhombo- 
hcdral needles, or hexagonal prisms, 
scalenohedrons and hexagonal pyra- 
mids. Density, 2.72. Hardness, 3; scratched with a knife 
or even a pin. Heated, it becomes caustic lime and shines with 
a bright light. It effervesces in acids, and colors the flame red. 
When it is dissolved by an acid, a residue of sand often appewB 
in the liquid. Some varieties have a geological importance. 

CrystdBive Limestone. — Aggregation of grains ; often formed 
of many small, grouped crystals. Among these are distjngnished : 
Jjaminated limestone formed of grains, so large, that the fracture 
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often exhibits cleavage-facets (marble of the Pyrenees). It 
forms masses subordinated to the Mica schists. 

Granular Limestone, — Of smaller grains which resemble loaf 
sugar. The marble of Pentelicus is of this variety. The 
marbles ofVenetian columns, those of Luni and Carrara are also 
examples. Often these marbles contain other matters, as Mica 
(Oipollino) 5 Talc giving the rock a greasy lustre and sometimes 
apeculiarbrecciated appearance (fdlsehrecciaj; Serpeniine,whosQ 
various tints produce rare effects (Verde antique)^ Crystalline 
grains of Garnet, Idocrase, FyroxenCj Sc^hire, Apatite, AJbitCf 
SpineUe, etc., are also found, giving sometimes a porphyroidal 
aspect. They sometimes occur in the Jurassic formation where 
geologists regard them as limestones metamorphosed by neigh- 
boring eruptive rocks. 

Sedimentary crystaUine Limestones. — ^In small masses in the 
midst of sedimentary deposits. They consist of a granular Cal- 
cite mixed with crystals of Quartz. 

Manganiferom Limestones. — Containing Iron andsomeManga- 
nese. Turn brown when heated. 

Fibrot4S Limestone. — Exists in small deposits between beds of 
Marl. The fibrous structure is shown in stalactites of caves and 
in Oriental alabaster. Also in Onyx Marbles where their colors 
vary from yellow to green and are translucent. 

Some varieties present tints as they are seen in the onyx. 
The colors of crystalline marbles are red from peroxide of Iron, 
brown or yellow from carbonate of Iron, green from carbonate 
of Copper, or black from Carbon. 

Compact Limestones. — ^With grains discernible only under high 
magnifying power. They have a fracture quite flat and dull j 
sometimes earthy. Slightly porous. A slightly yellowish var- 
iety is employed as a lithographic stone. This includes many 
varieties of marble, named according to their colors. 

Argillaceous Limestone. — ^A mixture in which clay attains the 
proportion of sometimes 25 or 30%, at which limit it possesses * 
the most desirable properties for the manufacture of hydraulic 
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cement. AlberMe of Florence is a mixture of Galcite and Clay. 
Glay slates sometimes give limestone a schistose texture. The 
spotted marbles from Carcassonne are examples. These marbles 
have red-brown spotS; resembling drops of blood. The Gam- 
pan marbles (Pyrenees) have a schistose texture, and are com- 
posed of green or brown slates envelopingyeins of white or rose- 
colored marble. Cervelas Marble should be classed here also. 
The argillaceous material mixed with these limestones may be 
classed as argillaceous schists. 

Siliceous Limestones contain 48% of Silica. They have often 
a conchoidal fracture. This is the character of the limestone 
of St. Ouen. Sometimes the Silica is in the form of distinct 
Quartz grains. 

Scmdy Limestone. — Sometimes the Quartz envelopes the sand 
in such quantity and takes such regular crystalline forms, as to 
justify the impression that it was a sandstone crystallized (Grhs 
crystdlUzi de Fontainebkau), 

Glauconiiic Limestone is an ordinary Siliceous limestone, con- 
taining globules of Glauconite of a blackish or yellowish-green 
color. It is found in different geological systems ) in the Num- 
mulite of the Alps, in the lower limestones of Paris, and in the 
Silurian in Eussia. 

FerruginoiAS Limestone. — Of a brown or yellow color; often 
porous 'y compact. It is found in the Transition and Jurassic 
formations. Ferric hydrate is often found in it. 

TraverUne. — A compact limestone. Golor : grayish,or yel- 
lowish-white. It contains cavities which are supposed to have 
been caused by the escape of carbonic acid, while it was being 
deposited in the water. The typical form of this rock is the 
Travertine of Italy, found about Tivoli, also in Elba, where it 
terminates with the Tufifs. 

Limestone Tuff. — ^Much the same as Travertine, but is lighter 
and has larger cavities, whose partitions have been formed by 
the twigs of plants which have disappeared. The sources of 
water-supply to the baths of San Felippo were strongly charged 
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with lime, and incrusted everything they-flbyed over. They 
produced, according to Lyell, a hard lay&r .<5f Travertine, 2 
kilometres long and about 75 metres wide. la-four months a 
deposit of 30 centimetres thickness was deposited.VTheir struc- 
ture has often some analogy to the following rocto>*. 

FisoUte, — Concretions sometimes perfectly spfiorical which 
have been deposited in thin concentric layers around sojtt6 point. 
They are often bound together by a cement of Lim^, ™^ ^^ 
less argillaceous. The particles are often quite distiiiOt''by 
reason of the different color of the matrix. Certain Brocat^les 
are of this variety. - V y 

Tubercular Limestone. — Cylindrical concretions deposited-;/, 
around stems of plants. "" -;; 

Oolites, — ^These have a structure like the Pisolites, but have 
smaller grains. The matrix is sometimes very abundant and 
may be either earthy or crystalline. This limestone is very 
abundant in the Jurassic but is found also in other systems. 

Stalactite Limestone. — Generally the successive layers may be 
seen. They are in the form of inverted cones, and are formed 
of fibres radiating from a common axis. The cone is sometimes 
flattened in one direction. 

Stalagmites are formed on the bottom of caves by the water 
dripping from the top. 

Fresh water Limestone. — ^This deserves mention, as the term 
is so often employed by geologists. It bears much resemblance 
to the Travertine. The limestone of Chdteau Landon is very 
compact and firm, with holes filled with calc-spar. That of 
Agen is cellular and bituminous. Sometimes they are marly or 
silicious, but are nearly always characterized by the presence 
of fresh water shells. 

SJiell Limestone ( Coquilliers). — ^TWs comprises all the different 
deposits which consist of a debris of shells bound by a cement. 
Example : The Eucrinite limestone, which has a brilliant, spar- 
ry fracture. 

CaHcaire grossier. — A sandy limestone frill of shells. Often 
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very dense.- T)^a^irom Paris is sonorous, and is used in ar- 
chitecture. .•-.'•* 

LufnacheUf^-^Tlm name is employed to designate shell lime- 
stone, the (W^tftuents of which have different colors. That of 
Astrach^/iltormed of ferruginous limestone of a deep brown 
color, wilib sliells of a bright yellow. 

Fdiw^. — A sandy limestone rich in shells, and used as a fer- 
tilj^^r. • 

. *^£lfik (Earthy limestone, Catcaire Terretix). — ^White : friable, 

eafthy and dull fracture. It is composed of crystalline lime- 

V stone and minute shells of the foraminifera. It contains fdnt 

;';-. HI nodules, sometimes of a gray or bluish color. In the lower 

\ '• deposits it becomes marly, and contains grains of Glauconite. 

Arenaceous Chalk {Craie Tvfau). — This is sandy and mica- 
ceous ; of a yellowish or greenish color. Sometimes dense enough 
to be used for buildings. The rounded pebbles and angular 
fragments of limestone, united by a cement, form pudding-stones, 
or limestone breccias. The Br^che cPAlet has violet and yellow 
fragments, and the breccias of Italy and the Pyrenees possess 
rich and varied colors. 

133. Arckgonite. — ^The previous description of the mineral 
may be here recalled. It is distinguished from Calcite by its 
crystalline form, which is a right prism with a rhombic base ; 
by its higher density (2.93) ; and by its manner of splitting into 
small fragments when slightly heated. 

134. Marl [Marnej Mergel). — A homogeneous mixture of 
clay and lime. Soft ] friable ] argillaceous odor^ sticks to the 
tongue 3 ftisible, effervesces in acids. Under the action of moist- 
ure, it falls into fragments. Density 2.65. The two essential 
elements are associated in different proportions. They are mix- 
tures themselves of different elements, hence the marls have 
different properties. Colors: greenish-blue, red, and black. 
When they contain carbonate of Magnesia, they absorb water 
with avidity (Dolomitic Marl). The application of the following 
terms is easily comprehended : Calcareous Marl ; Argillaceous 
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Marl 'y Sandy Marl ; Micaceous Marl ; Glauconitio Marl 3 Car- 
bonaceous Marl J Selenitlo Marl ; Saliferous Marl. These two 
last contam Gypsum and Bock Salt. 

OoliUc Marl. — ^A calcareous sandstone formed of grains of 
oolitic limestone cemented by an argillaceous cement. 

Schistose Marl. — Occurs in beds of exceeding thinness, 
and is found in many sedimentary deposits. 

135. Marl Stone (MarnoUte), — ^A mixture of clay and Marl 
which seems hardened by a siliceous cement. It is not reduced 
to a paste by water^ but possesses all the other properties of 
Marl proper. 

136. Giobertite. — Magnesium Carbonate. (Mg C03). Iso- 
morphous with calcite. Form of cleavage : rhombohedron of 
107^ 25^ In an earthy state, it is found in great masses. 
An example of it is exhibited in the white, earthy, Magnesian 
Carbonate of Baldissero, Piedmont. It dissolves very slowly in 
hot hydrochloric acid. From this solution, Iron and Manganese 
can be precipitated. The Magnesium may be easily recognized 
by the blow-pipe, giving a pale rose color with Cobalt nitrate. 
The hydrocarbonates of Magnesium give water in the open 
tube and the reaction as above. 

137. Dolomite. — Magnesium and Calcium carbonates in 
nearly equal proportions ; isomorphous as Calcite. Cleaves in 
rhombohedrons of lOG^lS'j density, 2.9 ; hardness, 3.5 when 
pure J white, grayish or yellowish color with pearly lustre. It 
dissolves in nitric acid slowly and without effervescence. 

Granular Dolomite. — Color often snow-white. Dissolves in 
heated nitric acid with efferves(3ence. It is often impregnated 
with ferruginous clay. The crystalline grains, more indepen- 
dent than in limestone, give the mass a certain flexibility. It 
is sometimes micaceous. 

Accidental minerals : Mica, Talc, Qy>artZj Cortmdumy AmphUh 
olCy SpineUe, GraphitCy BecHgary FyriteSy BlendCy MagnesitCj etc. 

Schistose Dolomite is found among the Dolomites of the Jura. 
It occurs either as subordinate to the Mica SohistSi or 
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Pyrenees ; also with the colored MarlS; altematmg with layers 
of Rock salt and Gypsum in the Jurassic rocks of southern 
France. 

Oolitic Dolomite, — Common in the Permian of England. 

Compact Dolomite, — This has a conchoidal fracture, resem- 
bling limestone of the same name, but is readily distinguished 
by the tests given above for granular Dolomite. 

Scmdy Dolomite, — ^A mixture of Dolomite and Quartz sand. 
Argillaceous Dolomite contains clay. 

Dolomite sand, — Isolated grains of Dolomite. 

138. Ma,giieBian limestone fDolomies CaHcarifiresJ. — ^Do- 
lomite intimately mixed with limestone. The BauwacJce is a lime- 
stone rich in Magnesia 3 hard ; compact 3 of a gray color;, spot- 
ted with black. Often it is formed of globular masses (Botry oid- 
al Dolomite). It characterizes the Zechstein of Mansfeld and 
of the Thuringen district of which the other rocks are Fetid 
Limestone fStinksteinJ; compact or crystalline; greenish or 
blackish; exhaling a fetid odor when broken. There is a 
friable, sandy, Magnesian Limestone termed Asche. These 
are found alSo in more recent formations in Savoy and Tyrol. 

Cellular Dolomite {Cargneule). — A name given in the 
Alps to Breccias formed of angular fragments of Dolomites or 
Magnesian limestones. 

139. Apatite. — Calcium Phosphate. The rock also contains 
Calcium chloride ; Fluorine or Iodine is sometimes found. It 
fuses with difficulty ; colors the flame bluish-green when moist- 
ened with sulphuric acid. Dissolved in sulphuric or hydro- 
chloric acid, it yields a white precipitate mth Silver nitrate. 
Mixed in powder with oxide of Copper and treated with salt of 
Phosphorus, it colors the flame a bluish purple. 

Crystalline form : hexagonal prism terminated by a hexagonal 
pyramid. Large crystals are found in the feldspathic rocks 
of the United States. A fibrous variety at Crown Point, Essex 
county, N. T., is sufficiently abundant to be worked for 
fertilizing purposes. It is sometimes found in crystalline rocks. 
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In the Silnilaa argillaoeoas sohiBte of Estremadura, it is found 
in lai^e masses of a fibrous or compact texture, and o 
or yellowish color. It forms a laige propor- i 
tion of the nodules containing the d4bris of I 
Ammonites at Vissant (Pa^ de Calais), and 
forms a geological bed in the clays of part of I 
the Anglo Parisian basin. It has been found [ 
in a large number of deposits where its 
earthy appearance made it difficult of re- 
cognition. It sometimes resembles sand- 
Bt«ne or millstone ; sometimes resinite or cal- 
careous concretions. 

140^Ghiano — Accumulations of earthy 
materials containing Ammonia, Phosphoric I 
acid, Uric acid, Lime, etc. This mixture, 
of a yellowish, or browniah-gray color, 
fusee to a kind of scotise, and finally becomes vhite and earthy. 
It is partly soluble in hydrochloric acid. If treated mth potash 
it releases ammonia. 

Analysis of the Guano of the Isle of Gbincba, according to 
Nesbit ; organic acids with Ammonia 52.52% ; Calcium phos- 
phate 13.52%. Phosphoric add 3.12% ; Alkaline salts 3.56 ; 
Silica 1.46 ; water 15.82%. 

Guano ^so contains the ezcrementa of marine animals and 
birds and their remains. It covers large areas on the coast of 
Peru and elsewhere, and is more or less rich in Phosphates and 
mtn^enized matter, according as the rains hare deprived it of 
its original constituents. 

141. Sombrerite. — Hydrated calcium phosphate from the 
Isle of Sombrero. 

142. Anhydrite. — Calcium Sulphate (CaSO,). Hardness, 
same as limestone ; heated oa charcoal it forms Calcium Sul- 
phide. It has three rectangular cleav^ra one of which has a 
pearly lustre. Varieties; {l)Iamellar; {2) grantdar. Colors: 
vhite, bloisb, reddish, and smoky-gray. It forms ur^ular 
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muses with Book salt and Oypsum. Often, vithont nhmighig 
form, it is transformed into Gypsum by hydration. 

143. Barytin e.— ggguy Spar. Barium Sulphate (Ba SO4). 
Oleavable parallel to the faces of a right 
prism with a rhombic base 101° 42'. 
(Fig. 29). Hardness S.S. Density 4.40. 

Varieties : Luninated, globuli&roiu, 
fibrous, radiated, oonoretionary. Colon : 
white, yellowish, reddish-brown, Bometimes 
colorless. Before the blow-pipe it decrepi- 
tates and fiisea, and, if mixed with silver chloride, ooIotb tiie 
flame yellowish-green. Heated on charcoal, it gives Barlnja 
sulphide, wtiich ia precipitated white with snlplmrio add by a 
solution of calcium sulphate. 

144. Oedestano.— Strontium Sulphate. (Sr SOJ- Cleava- 
ble parallel with the feces of a right prism vrith a rhombio base 
of 103° 58'. It has a vitreous, slightiy pearly Instze, Bome- 
limes a pale blue color, sometimes reddish, or white. 

Before the blow-pipe it decrepitates and fuses with sUver 
chloride. 

145. Oypamn Hydrated Calcium Sulphate, (GaSOt + 

2H2). Slightly soluble Jn water and acids; haaa sparry fracture. 
Form of cleavage : an oblique prism with a rectangular base. 



One of the three cleavages is easy and parallel to the face ^. 
The two other planes of deavage at QCfi from the first make be- 
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tween them an angle of lUoy. Figures 30, 31, 32, exhibit the 
ordinary forms of the crystal. 

Gienerally the crystals group themselves in pairs, and the 
twin crystals exhibit the form of a lance-head (Fig. 33). 

QypBumhasahardsessof 2. Heat- 
ed In a closed tube it loses water and 
becomes opaque and &iable. Heated 
on charcoal or carbonate of soda it is 
reduced to calcium sulphate vhich, 
if wet with acidulated water, blackens 
lead paper. 

Common varieties : Laminated with 
a pearly lustre j Silky, with a alky 
lustre; Sacoharoidal, resembling mar- 
ble ; Compact. The laminated va- 
rieties are often of a pure white, al- 

ways dull, but possessing a soil trana- 

Fjg, S3. luoency which is much prized (ala- 

baster). 

Accidental minerals, occurring with Gypsum; Sock sail, 
Anhydride, Mica, SoracUe, QwxrtB, Pyrites, etc. 

It is found witli the Kioa schists in the Alps ; in the Silurian 
in Canada ; in the Permian of Bussk; m the Trias ofUansfeld. 
In Lorraine, the mass of Gypsum, ramifymg at its extremity, 
has bent the stratified rook ^ob envelopes it. 

146. Glaubwite. — Sodiumand Calcium Sulphates. Form; 
monocliniopri8m83°20'. DenMty,2.7. Vitreous lustre. Color: 
dirty gray. It fiises easUy; colors tiie flame yellow. Treated 
with water, Sodium sulphate dissolves out, and Calcium sulphate 
is pre<^)itated. 




CHAPTER XII. 

ALUMINOnS BOCKS WITH SHJOA 

147. Alunite. — A compact rock, uniform or porphyroidal, 
sometimes sandy or brecciat«d, of a gray, yellow, or red color, 
and formed of the mineral Almiite. This mineral is a double 
Sulphate of Aluminum and Potassium. It is infusible, but 
soluble in sulphuric acid ; in the open tube it yields water and 
Ammonium Sulphate, and, at a high temperature, sulphurous 
oxide and sulphuric acid. When it is calcined it gives, at 
first, a sulphurous odor, and then an Aluminic taste. 

148. Alumimte (Hydrated Aluminum Silicate). — (Gen- 
erally in concretions of a dull white color; soft 5 earthy, some- 
times oolitic J soluble in nitric acid. In the open tube it releases 
water, and, at a red heat, sulphurous acid. It is found only 
in nodules or veins in clay. 

149. Beauxite. — In rounded, granular concretions of a 
grayish, yellowish, or reddish-white color 5 distributed through 
a compact limestone; sometimes in oolitic or earthy masses, 
generally calcareous. It is an Aluminic and Ferric hydrate of 
a density of 2.55. 
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CHAPTER Xm. 
METAIiLIO BOOKS. 

St^hides and Sulpho-Arsenides. 

Heated on charcoal with carbonate of soda, they yield aodi- 
nm sulphide which blackens lead paper or silver foU, Heated 
in the oxidizing flame, they yield sulphurons acids. 

150. Galena. — Lead Sulphide (Pb S). Dominant fonns : 
cube, octahedron, and a combination of these two ; sometimes 
the facets of a rhombododecahedron. It has three rectangular 
cleavages; a metallic lustre. Color: steel gray; powder: 
grayisb-blaok. It is easily fused. Heated on cluucoal it 
gives a lead globule and yellow coating. With Potassio bi- 
sulphate it yields sulphuretted Hydrogen. 

Varieties ; Laminated ; foliated ; granular ; compact. 

151. Mende. — Zinc Sulphide (ZnTS). Dominant fbrmB : 
rhomboidal dodecahedron, tetrahedron. It has a laminated, fib- 
rous fracture ; almost a metal- 
lio lustre in the black varieties. 
Always resinous, analogous to 
wax. Colors: various; gener- 
ally, yellow or brown, often 
black; powder; gray, inclining 
to brown. Heated on char- 
coal, it shines brightly, giving 
a coating, yellow while hot, 

■white when cold. It is colored green by nitrate of Cobalt ; is 
soluble with difficulty in nitric acid; and only fusible on its 
edges. 

Pyrites.— (FeSj)- Ferric Sulphide, ^asily reduced to 
FeS. — ■Pii'^ i-^ c<.< /■■(■■■ ■-.' '■.■ ;■'■'•■' 
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162. OoUoal PTiitee — Of a bright yellow color, met- 
allio loBtre. Exhibits hemihedral formB. The oabes often 
have Btriie parallel to the edges and peipendicular to tJie strue 
of each adjacent face (Fig. 35). Powder, a 
brownisb-black. Strikes fire with steel. 

153. Mairoaaite. — Of a yellow or pole 
bronze color, slightly inclined to greeniah or 
white. It crystallizes in orthorfaombio prisma, 
terminated by octahedrons or domes. It has 
the same composition aa the preceding. It is ^' *■ 
altered to Limonite, aometimes to Ferric carbonate. 

154. Copper Pyritee. — Cholco-Py rites. Of a greenishi- 
~"| yellow color frequently showing blue 

and purple tints ; powder of a green- 
ish-black oolor. Wet with liydro- 
chloric acid it colors llie flame gre^i. 
Fusible to a magnetic globule. With 
carbonate of soda, it yields a copper 
bead. Soluble in nitric acid, the solu- 
tion turning blue with ammonia. It 
I is often a mixture of different sni- 
I phides of Copper and Iron. All these 
I sulphides give copper reactions before 
he blow-pipe or with acids. 

^^- ^ MdtaUio OzidoB Themetaloan 

be easily det«nnined by heating on charcoal or by ordinary 
reactions. 

155. Masrneiate. — (FeaOJ Magnetic oxide of Iron. Forms: 
octahedron, dodeof^edron and a combination of the two. It is 
quite black in color and reduces to a black powder. Is soluble 
in boiling hydrochloric acid. Accessory minerals: OMortfc; 
Ckr&mk: Iron; Garnet,- Pyrites; Cakile. 

It exists in stratiform maases in Gneiss and crystalline Schists 
(Sweden and Norway). In the Ural mountains, large masses 
are found with the Uolaphyres. 
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166. Titanio Inm. — Two forms: one cubical, the other 
liiomboheclric, found uaualljr in blacMsh-brown grains. Feebly 
magnetic but acquiring strong 
powerwhen heated on charcoal. 
In tho phosphorus bead, in the 
reduction flame, it g^res a red 
color which becomes violet on 
the addition of Tin. 

157. Hematite, Oligiste. 
-Ferric Oxide (FojOa). Pow- 
I der,redorreddi^-brown. Pul 
verized and heated on charcoal, 
it gives a powder which is magnetic. Slowly soluble in hydro- 
chloric acid, the solution giving reactions for Iron. Dominant 
forms : rhombohedron of 86° combined with a dihexahedron, with 
bases of the hexagonal prism, I 
or flat and lamellar following 
these bases. 

Density 5.3 ; hardness about I 
6. Sometimes the crystal takes I 
lenticular forms or is reduced I 
. to scales (Micaceous Iron ore). 
Color: black with a bright metallic lustre. Tho fibrous varie- 
ties establish the passage between the preceding forms and the 
earthy ores. ■ 

Earthy varieties have a bright red or brownish-red color; a 
hardness and density both less than the crystalline forms. 
They are often mixed with Silica, or aro mixed as powder with 
clays (Odire). They give the red color to Jaspers, Silica, 
Sandstone, Marls, and other rocks. The oolitic varieties of a 
deep or brownish-red color are mLztures of Hematite, XJmonite, 
and a little day under the form of apherioal or lenticular 
gruns, having a denuty of abont 3. 

168. Itabirite,— Agranular aggregate of Mlcaceons Iron 
and Quartz, having a schistose texture. Hematite presents it^ 
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self in small scales, isolated, or Feonited in a continnous 
layer which separates equally thin layers of grayish Quartz. 

Accessory minerals : Magnetite^ Talc, Chlaritey Native Gold. 

These rocks are developed to a great extent in Brazil, alter- 
nating with Quartzites and Itacolumites. They are worked for 
gold at Yillarica. 

159. limonite. — Ferric hydrate. In the closed tube it gives 
water and becomes red. On the coal, it is reduced to magnetio 
ferrous oxide. It is soluble in hydrochloric acid, depositing 
sand and clay. 

Varieties : Compact L. has frequently a brilliant surface, 
with a texture somewhat fibrous in rounded nodules in the form 
of stalactites ] some varieties are porous, cellular, or scoriaceous. 

Earthy L. of a brownish-yellow or other yellow color, gener- 
ally mixed with clay and spotted, but reduces to a yellow pow- 
der. It is dissemmated through a great number of rocks which 
it colors. It is generally mixed with Silicates and Phosphates. 
Sometimes this kind takes globular forms, the globules exhibit- 
ing concentric layers. One interesting variety, though very im- 
pure, is the Limonite of the marshes. It has a greasy resinous 
lustre, slightly resembling pitch, is compact, somewhat crystal- 
line, often cellular (cloisonnee). It is a mixture of Ferric ox- 
ide, Manganic oxide. Silica, Phosphorus, and perhaps Ferric 
Silicate. 

Tapanhoaccmga. — Conglomerate composed of fragments of 
Magnetite, Limonite, Hematite, Quartzite, and Itacolumite 
cemented by oxide of Iron. 

160. Siderite. — Spathic Iron ore. Ferrous Carbonate (Fe C03). 
Isomorphous with CaJcite. Density 3.9. Hardness 4. Cleav- 
able in rhombohedrons of 107^. Varieties : (1) Spathic Iron has 
a yellow or yellowish-gray color with a pearly lustre on a fresh 
surface. It is generally altered, and becomes reddish-brown or 
blackish by reason of change to Ferrous oxide. Before the blow- 
pipe it gives a brown or black powder which is magnetic. It is 
slowly soluble in acids, the solutions giving Iron reactions. It 
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is found in the Silurian at Styria and it forms masses in the Erz- 
berg. It io found with the Calcites of Zechstein. 

(2) Spherosiderite. — Rounded concretions with an earthy frao- 
turo, generally flat 5 gray or brown, often containing the remains 
of fishes, saurians, and prints of leaves and crystals of sulphites 
or sulphates. Soluble in acids, depositing clay. It is found in 
nodules in coal beds and in the Lias. It is often mixed with 
Silica and Manganese. 

(3) Black Band, — ^A name given in England to this last kind 
containing a mixture of Carbon ; about 10%. 

(4) Oolitic Iron Ore, — Grcnerally, altered Limonite. 

161. Manganese Oxides. — ^Manganite. HydratedManganio 
Oxide. Orthorhombic prism 5 generally, splintery or fibrous; 
yields water in the open tube 5 brown powder. Gives a green 
bead with carbonate of soda. 

162. Pyroluedte. — Manganic dioxide. Differs from pre- 
ceding only by the angles of the primitive prism, but the pow- 
der is black. Often earthy or compact; 

163. F&dloiuelane. — ^Found in mammillary masses with tuber- 
cular excrescences, sometimes in stalactite form. Composed 
of Oxide of Manganese with Baryta and water. Golors : Salt of 
Phosphorus bead, violet; and Carbonate of Soda, green. 



CHAPTER XIV. 
OOMBITUTIUUB BOGESt. 

— Crystallizes in right ootahedionB with 
Density, 2.10. Hardness, 2. Tory fragile} 
burns with a blue flame producing sulphur- 
ous acid. 

165. Graphite — ^Nearly pure carbon; 
occurs in hexagonal laminte of iron-gray 
color. Metalliclustre. It is scratched by 
the nail and leaves a mark on paper. It 
i? oft«n mixed with earthy matters. Not 
attacked by acids; infusible; bums with 
great difficulty at a high temperature in a 
current of Oxygen. It ia found in veins and 
masses. 

106. Anthracite — Contains 90% of 

I Carbon; is often a mixture of Silica, Alum- 

Fig. 89. ina, and oxides of Iron, Mean density, 

1.4. Semi-metallic lustre a little like that of coke ; sometimes 

it is iridescent. Softer than Caloite and has a concboidal 

fracture. It hums in currents of air, and decrepitates in 

burning. Yields to distillation — ^water, and a small quantity of 

non-inflammable gases. 

Principal varieties : Sooriaoeons A. ; Ligniform A. 

167. ffitumlnone Ooal (EotiiUeJ. — Brilliant black, often 

velvety, sometimes like pitch. Heated in a retort, it loses from 

9% to 23% of volatile matter. Density 1.35. Powder, bladi 

or dark brown. Bums with a flame and yields bituminous odor. 

When distilled, it fumisfaes illummating gas and leaves a porous 

residue called ooke. 




COMBUSTIBLE BOCES. 115 

The tenn ^^ bituminous coal" includes many varieties differ- 
ing in constitution. The maximum amount of Hydrogen is 
about 6%. Such are termed gas coals. Oxygen varies from 
5 to 15%. Among the varieties rich in bitumen is cannel coal. 
It is compact, fine-grained; breaking with a conchoidal fracture 
and smooth surface. Bums with a bright flame. Goals are 
of vegetable origoi; and are found widely distributed, especially 
in the carboniferous system. 

168. Idgnite. — Brotoncoal. Of a brown or pitch black color 
with a yellowish-brown powder. Lustre dull. Density from 
1.1 to 1.3. When once lighted, it continues to bum for some 
time. When distilled it yields considerable water, bituminous 
matter, pyroligneous acid, and more wood spirit than ordinary 
wood. Contains from 55 to 75% of carbon. Varieties : Com- 
pact L,, susceptible of a fine polish, sometimes used for jewelry 
(Jet) 5 F^ous L.J in which the structure of the wood is easily 
xecognized ] Earihy L., of a blackish-brown which furnishes 
Terre d! On/ibre, employed by painters. 

169. Turf — Conglomeration of vegetable matter containing 
about 55% of Carbon. Yields 25% of Tar, and 15% of 
pyroligneous acid. Bums with or without flame, but with much 
smoke— giving a peculiar pungent odor. Specific gravity, 1. 

170. Peat (CT/mfwe). — Remains of vegetables which have 
become earthy by alteration in marshes. Found in many parts 
of the world — California, Ohio, Canada, and south of the Cas- 
pian Sea. 

171. Bitumens. — Contain more hydrogen than bituminous 
coal. 

Naphtha is a hydro-carbon, liquid, transparent, light, colorless, 
and soruble in alcohol. It dissolves the resins and asphalt. 
• It is very inflanmiable, and in buming yields a thick smoke. 
Exposed to the air, it becomes viscous, brown, and takes the 
characters of asphalt. It contains 88% of carbon and 12 of 
hydrogen. 

Petroleum (A mixture of several hydro-carbons). It occurs 
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as a liquid oil in many parts of the world. It exudes from the 
surface of the rocks about the Caspian Sea. In the United 
States it is found with the rocks of the lower Silurian and 
accumulates in subterranean cayities, from many of which it 
comes to the surface in springs. In Canada the source appears 
to bo in the lower Devonian. The oil of Ohio, Pennsylvania, 
and Michigan is supposed, according to Dana, to proceed from 
the middle Devonian. Sometimes found in more recent rocks 
even in the Tertiary formation, where it appears to proceed from 
the decomposition of vegetable matter. 

172. Asphalt. — Solid bitumeni Black, with brilliant lustre. 
Has a fracture more conchoidal than coal, bums with a bright 
flame with much smoke. Dissolves in naphtha and ether. Pit 
Asphalt seems a mixture of Asphalt and Petroleum. 

173. Fossil Besin. — Amber. Heated in a matrass it fuses 
at 30(P, releasing an essential oil and succinic acid which con- 
denses in the cold part of the tube in needle-shaped crystals. 
Some rocks contain so much bituminous oil that they are classed 
as bitumens. 

174. BituminoTis Shale. — (1) Argilliferous shale, often 
fossiliferous, so impregnated with Bitumen as to bum readily. 
Found in many parts of the world in carboniferous formations. 

(2) Bock Slag, — Formed of trach5rtic fragments of a 
brownish-gray color ; bums easily j very rich in bitumen. 

(3) Another variety termed Papier Kohle is found in lamina 
as thin as paper. Bums with a pungent odor. It is of a yellow- 
ish or greenish color, and is found in the Tertiary formation at 
Narbonne. 

(4) Inflammable Marls, — Found in the vicinity of Grenoble. 
They inflame easily and effervesce in acids. 

Ozokerite, — Is abundant in Gallicia and England near 
Newcastle. Colorless ; yields to the pressure of the hand ] 
has a bituminous but agreeable odor ] and is soluble in boiling 
ether. Bums with a clear flame, 



PART THIRD. 



METHOD TO BE FOLLOWED IN THE PBAGTIGAL DETEBMINA- ' 

TIOK OF BOOKS. 



$ L GlobuliferoTis Books : p. 120. 



L With grains harder 
than the steel 
point : p. 120. 

(A knife hlade may he 
U9ed.) 



f A. With vitreous Glo- ( 1. Radiated texture, 
bules. I 2. Splintery texture. 

B. With crystalline globules. 

C. With irregular grains without intermedi- 
ate matter. 

D. Globules forming masses irregularly 
rounded. 



IL With grains softer 
than the steel < 
point : p. 121. 



" 1. Effervescing in HCl. No magnetic bead 
on charcoal. 

2. Effervescing in HCL Giving magnetio 
bead. 

3. Not effervescing in HCL Giving magnetio 
bead. 

^ 4. No effervescence and no magnetio bead. 



i 2. Gellular or vesioular Books: p. 122. 



L A mass forming a paste more T A. To a colorless glass. 

or less soluble and fusible: < B. To a black, green, or brown ena* 
p. 122. V niel. 

II. Masses soluble in acids : j A. With effervescence. 

p. 122. I B. Without effervescence. 

III. Infusible and insoluble in %cid8 : p. 123. 
lY. Carbonaceous : p. 123. 
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$ 3. SohiBtoee Bocks : p. 123. 



L Bocks whose 
chief ele- 
ments are 
not so hard 
as the steel 
polut : p. 
123. 



' A. Complete- 
ly schist- 
ose. 



1. Quite crystal- 

line. 

2. Less distinct- 

ly crystal-^ 
line. 

3. Of an earthy 

aspect. 



f a. Little or no 
effervescence 
inHCl. 

d. Combustible. 

0. Giving effer- 
vescence 
with HCl. 



n. Harder than 
the steel 
point as to 
their mass : 
p. 127. 



B. Strati- 
form: p. 
126. 



A. Entirely 
schistose : 
p. 127. 

B. More stra- 
tiform than 
laminated : 

L p. 127. 



' 1. Soluble with effervescence in 
HCl. 

2. Slightly effervescent. Magnetic 
bead. 

3. Having neither of these charac- 
teristics. 

1. Entirely crystaUine. 

2. Compact and fusible. 

3. Compact or earthy and infued- 
ble. 

1. Fusible. 

2. Infusible. 



$ 4. Vitreous Bocks : p. 128. 

i 5. Bocks simple or apparently simple : p. 12a 



I. Opaque f 
rocks 
usually 
with 
metal- 
lic lus- 
tre: p. 
128. 



A. Magnetic without having been heated. 

B. Magnetic after being heated. 

C. Neith- 
er mag- 
netic I 1. Giving reactions of manganese, 
nor be- ] 2. Not giving these reactions, 
coming 
so. 



II. With the aspect of carboniferous matter. 

a. Soluble in water. 



III. Stony 
lustre, 
not 
metal- 
lic: 
p. 130. 



A. Softer 
than 
the 
steel 
point. 



1. Crystal- 
line 
rocks: 
p. 130. 



(. Soluble in sulphuric acid. 

c. Slightly soluble in acid and 

water. 

d. Soluble in all acids with 

effervescence. 

e. Reducing to sulphides wheu 

heated on coal. 



2. Massive f ^ YxmWe, 



SIMPLE BOCES. 
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in (con- 
tinu- 
ed). 
Stony 
lustre, 
not 
metal- 
lic: 
p. 130. 




Infu- 
sible. 



B. Hard- 
erthan 
the 
steel 
point: 
p. 133. 



f 1. Ciys- 
tallme 
aggre- 
gate. 



2. Fine 
grain- 
ed or 
com- 
pact. 



a. Fusi- 
ble. 



' "ba, Makingpastewith 
water. 

Vb, No paste in water. 
Insoluble in acids. 

(c. Soluble in acids. 
Colorless solution. 

M. Soluble with effer- 
vescence to a col- 
ored solution. 

6e. Soluble with effer- 
vescence. Clear. 

&/. Infusible. Nearly 
or quite insolu- 
ble. 

'' aa. Color: clear. 
ah. Granular : yellow^ 



green, brown, 
ac. Black laminated 
Rocks. 
^ &. Very slightly fusible. 



1 



a. Fusible. 
&. Infusible. 



% 6. Porphyritio Bocks : p. 135. 

I. Harder than the steel point : p. 135. 

II. Softer than the steel point : p. 137. 

III. Porphyroidal rather than porphyrltic : p. 137. 

$ 7. Goznplex Bocks : p. 137. 



I. Crystalline 
texture. 



' A. Making lit- 
tle or no effer- 
vescence in 
acids. 



' 1. Rocks of a clear color, contain- 
ing no other black element 
than mica. 

2. Rocks containing at least one 
black element other than 
mica. 



^ B. Effervescing in acids : p. 140. 



n. Conglomerate rocks, formed of the fragments of one or several 
kinaB of rock : p. 142. 

$ 8. Incoherent Bocks : p. 142. 

KOTB : The groups of rocks here termed species are only conventionally so 
called. This is Indicated by the definition. These groups iacludo mineral- 
ogioal aggregations in which the proportions of the elements are not at all 
oonstant. 
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i L OlobuliferoTis Books. ^ 

I. GLOBULES; HAHDEB THAN THE STEEL POINT: 

A. GlobtUes vitreous or enamel-like ; scratching glass, hay- 
ing a hardnesa equal to Orthoclase^but less fusible. 

1. Having a radiated texture : 

In a vitreous paste, fusing to more or less hollow globules, 
white or gray. ( Spherulitio Obsidian, p. 52.) 

Globules in a matrix resembling a tissue of glass threads, 
cellular, fusible. (Pumice with Spherulites.) 

In a porous, sub-crystalline trachytic paste. (Trachyte with 
Spherulites, p. 49.) 

2. Vitreous globules with a membraneous or scaly tex- 

ture, in a paste easily fusible. (Pearly Retinite, 
p. 53.) 

B. Globules of considerable volume formed of crystalline ele- 
ments, or containing crystals in a fusible paste or in a crystal- 
line fusible rock. 

Globules the size of a nut or even of the head, with a porphy- 
ritic paste, fusible to a colorless enamel, and filled up with 
Agate, etc. (Globuliferous Porphyry, p. 45.) 

Globules of Orthoolase in a paste formed of Orthoolase and 
Mica. (Spotted Minette, p. 75.) 

The spheroids, quite large, composed of layers, alternately 
black Hornblende and white Anorthite. (Orbicular Diorite, p. 

70.) 

Large globules formed of Orthoolase, more or less compact, 
with a structure often radiated. ( Pyromeride Ball Porphyry, p. 

45.) 

Grains of Oligoclase, whitish, fusible, harder than the steel 
point ; resembling pustules ; being apparently partially fused 
into the matrix. ( Variolite, p. 67.) 
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Nodules of Oalcite, soluble with eflFervescenoe 5 or of agate in- 
soluble and infusible, and of greenish earth in a fusible paste. 
(Spilite, p. 65.) 

Irregular nodules of Feldspar, of cubic pyrites in a soft slate 
which has a somewhat shining lustre. (Nodular Slates, p. 84.) 

Nodules of Feldspar in Talcose schist, with a greasy lustre, 
and a soft feel. (Glandular Talcose schist, p. 81.) 

0. Grains somewhat regular, aggregated with intermediate 
paste. 

Grains irregular, green, brown, black ; crystalline structure, 
softer than Feldspar, and fusible to black globules. (Augite, 
Coccolite, p. 60.) 

Grains generally of a resinous lustre, about the hardness 
of Quartz ] fusible with difficulty. (Granitite, p. 37.) 

D. GldbtUes in mammellated masses. Hard, often calcare- 
ous, soluble in HCl, infusible. (Botryoidal Sandstone.) 

n. GLOBULES SOPTEE THAN THE STEEL POINT : 

1. Efifervescing in H 01 ; round and formed of concentric 

layers; imbedded in a marly cement ; globules, size of 
a pea. (Pisolite, p. 101 .) Globules size of fish eggs. 
(Oolitic Sandstone.) 

Irregular, containing Magnesium and Lime 3 often cellular. 

(Oolitic Dolomite, p. 103.) 

2. Effervescing with acids, and becoming magnetic when 

reduced. Solution in H 01 is yellow j is precipi- 
tated by Ammonia. (Oolitic Siderite, p. 112.) 

3. Becoming magnetic on charcoal ; little or no efferves- 

cence. 

a. Not forming jelly in H 01 ; red powder or streak. (Oolitic 
Iron ore, p. 112.) Yellow or brown powder. (Oolitic Limonite, 
p. 112.) Powder brown but containing more Alumina than 
Iron. (Beauxite, p. 108.) 

h. Forming jelly in HOI j blackish or greenish mass, slight- 
ly oolitic. (Oolitic Ohamoisyte, p. 79.) 

Grains generally disseminated through the limestone or sand- 
stone. (Glauconite, p. 78.) 

6 
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4. Not efifervescing and not becoming magnetic on coal : 
White globules 3 soft to the touch j giving Sulphur fumes in 

open tube ; soluble in HNO3; often in mammellated nodules. 
(Aluminite, p. 108.) 
Not yielding sulphurous acid. (Globuliferous Clay, p. 86.) 

5. Nodules containing crystalline matters^ often of 

greenish earth, in a paste of Melaphyre which has 
become argillaceous by alteration. The paste 
sometimes becomes magnetic on charcoal. (Wacke^ 
p. 65.) 



$ 2. Vesioular or Porous Bocks. 

I. FUSIBLE PASTES, INSOLUBLE OR NEARLY SO IN ACIDS : 

A. Fimble to a colorless glass or io a clear colored enamel. 
Porphyritic paste with cavities, empty or lined with divers 

crystals. (Vesicular Trachyte, p. 48.) 

Vitreous paste resembling a tangle of glass thread. (Pumice, 
p. 52.) 

Semi-vitreous paste, scoriaceous, full of bubbles. (Trachytic 
Lava, p. 50.) 

B. Pastes fusible to a deep green, brawn, or black enamel. 
The cells are generally filled with quartzose substances or 

crystals. 

Hard paste. (Spilites, p. 65.) Softer paste with argillaceqjas 
odor. (Wackes, p. 65.) 

Scoriaceous masses, full of bubbles. (Lavas, Basaltic Scorise, 
p. 59.) 

II. MASSES SOLUBLE IN ACIDS: 

A. With effervescence. 

The solution contains only lime. (Calcareous Tufas, p. 100.) 
The solution contains lime and magnesia. (Fetid Limestone, 
Cargneule, p. 104.) 
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B. Earthy masseSj soltible in H 01. Moistened with H, SO^ 
colors the flame greenish. (Apatite, p. 104.) 

Earthy mass soluble in H, SO^ yielding in closed tube H, O 
and SO,; the solution giving reactions for Alumina and Potas- 
sium. (Alunite, p. 108.) 

Mass, more or less easily soluble in HCl, giving magnetic 
scorisD on charcoal ; red powder. (Vesicular Hematite, p. 111.) 

Same character, brown powder. (Vesicular limonite, p. 112.) 

m. INFUSIBLE CELLULAR MASSES: 

Insoluble in acids ; harder than Feldspar. Insoluble in Pot- 
ash solution ; crystalline. (Granular Quartz, p. 90.) 
Compact ; generally opaque. (Millstone, p. 90.) 
Soluble in Potash solution. (Geyserite, Silicious Tufa, p. 90.) 

IT. CARBONACEOUS MASSES : 

Yield Carbonic acid to the blow-pipe. (Scoriaceous Anthra- 
cite, p. 114) 

$ 3- Bohistose Bocks. 

I. :BASILT ^MARKED BY THE STEEL POINT ; NOT SO HARD AS 

GLASS: 

A. Clearly Schistose. 

1. Decidedly crystalline : 

a. Characteristic element, laminated or foliated Graphite of 
a lead color, soiling the fingers, burning with difficulty, and not 
attacked by acids. (Graphite Schists, p. 114.) 

6. Characteristic element. Gypsum, scratched by thumb nail, 
yielding H^O in closed tube, beoommg opaque. (Laminated 
Gypsum, p. 106.) 

c. Characteristic element. Talc; greenish or yellowish-white; 
scratched by thumb nail, slightly fibrous, insoluble, infusible, 
yielding a little KJO m open tube, Talcose. (Schist, p. 81.) 

d. Characteristic element, a chloritio element, more or less 
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deep green, in laminae, greasy lustre, in masses, somewhat fissile; 
attacked by H,SO^, yielding reactions for Silica, Alumina, 
Magnesia, Iron, H^O. (Chlorite Schist, p. 78.) 

e. Talc mixed with chlorite as a distinct element, associated 
also with Feldspar and Quartz. (Schistose Protogine, p. 39.) 

/. One of the distinct elements is Mica associated with 
Feldspar and nearly always with Quartz. 

In any irregular fracture of the rock, Feldspar is easily recog- 
nized. 

Mica easily recognized by the laminae. (Gneiss, p. 42.) 

g. Characteristic element, Potash Mica, very abundantj forms 
minute scales united in layers, alternating with grayish laminae 
of granular or compact Quartz, rarely of Feldspar, (Mica Schist, 
p. 74.) 

Potash Mica mixed with ferro-magnesic Mica, in laminae, of- 
ten hexagonal, difficult to fuse. (Mica Schist with Magnesia- 
Mica, p. 74.) 

A. Hydrated Mica not containing Magnesia, in strong pearly 
scales. Fusible before blow-pipe. Attacked by H^SO^ before 
heating, not afterwards. (Mica Schist with Damourite, p. 75.) 

Mica with little lustre, rich in soda, without magnesia, but 
sometimes with Staurotide and Disthene. (Mica Schist with 
Paragonite.) 

Mica Schist containing crystals of Made (Macliferous Mica 
Schist.) 

2. Crystalline structure less apparent : 

a. Characteristic element j Serpentine, soft to the touch, re- 
ducing to a soft powder, yields H^O in a closed tube, blackens 
before the blow-pipe, fuses with difficulty, decomposed by HCl 
«jid H,SO^. 

JRrOck not divisible into laminae. It has a marked greasy lus- 
tre, sometimes somewhat resinous. (Schistose Serpentine, p. 80.) 

h. Rock very fissile, divisible into laminae, soft, with a silky 
ktstre ; more or less easily fusible, yielding a soft powder. (Ar- 
gillaceous Mica-Schist, p. 84.) 
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Analogous rock, more compact, with a shining lustre ; smooth 
fracture, very fissile, very coherent even in thin laminsD. (Roofing 
Slate, p. 85.) 

Same rocks, same lustre, with a rather splintery fracture, not 
quiteas fissile and a little harder. (Novaculite, Whetstone, p. 85.) 

Slate with crystals in long whitish or grayish, incomplete 
prisms, often in crosses; infusible, giving the rock a rugose texture, 
and uneven surface, sometimes forming earthy blackish spots. 
(Chiastolite Schist.) 

Slate with orthorhombic prisms of Staurotide ; reddish-brown 
color, six faces, infusible, slightly attacked by HgSO^. (Staur- 
otide Schist, p. 84.) 

Rocks often very schistose, fine grained, soluble with effer- 
vescence in H 01. (Schistose Dolomite, p. 103.) 
3. Rocks of an earthy aspect : 

a. Making little or no effervescence in H 01; ftisible, divisible 
into laminae, having an argillaceous odor, and a dull color. 
(Common Clay Slate, p. 85.) 

Same rock, colored black by carbon, containing Aluminum 
sulphate. (Carboniferous Clay Slate. Ampelite, p. 85.) 

Quite schistose, forming jelly with HOI, sticking to the tongue. 
(Magnesian Clay Slate.) 

Extremely schistose, fissile, burning with flame and bitumi- 
nous odor, leaving a clay residue. (Bituminous Schist, p. 116.) 

Schist composed of grains of quartz, scales of mica, and a 
clayey cement colored yellow or red by oxide of Iron, or blue or 
green by carbonate of Copper. (Psammites, p. 93.) 

h. More or less finely schistose, combustible, burning with- 
out residue. (Leaf Coal.) 

c. Effervescing in H 01. 

In cold H 01 leaving clay residue. (Schistose Marl, p. 102.) 
Dissolves in hot HOI, leaving no residue. (Schistose Dolomite, 
p. 104.) 

Effervescence somewhat prolonged, argillaceous odor j formed 
of Quartz Mica, and a marly cement. (Macignos, p. 93.) 
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B. Sedimentary Bocks^ stratified in not very thick layerSy but 
not in laminae. 

1. Soluble in acids, precipitated by ammonia. (Traver- 

tines, p. 100.) 

Without sensible cavities, more or less argillaceous. (Sedimen- 
tary Limestone, p. 99.) Leaving clay residue. (Marls, p. 102.) 

Soluble in hot acids, yielding solutions for Magnesia. (Strati- 
fied Giobertite, p. 103.) 

2. Little or no eflFervescence, and becoming magnetic on 

Carbon. (Sedimentary Hematite, p. 111.) 

Yellow or brown powder. (Sedimentary Limonite, p. 112.) 

3. Little or no effervescence in H 01, not becoming Mag- 

netic. 

a. Fusible. 

Argillaceous odor, insoluble, always fusible to a clear or 
whitish bead, rock sometimes nearly compact, often fossiliferous. 
(Eurite, p. 43.) 

Grayish rock, friable or solid, having the aspect of volcanic 
mud, with vitreous Orthoclase and Mica, fusible. (Trachytic 
Tufa, p. 54.) 

Analogous rock with fragments of Pumice. (Trass, p. 65.) 

h. Fusible with difficulty, or not at all. 

Argillaceous odor, sticks to the tongue, slightly soluble. (Sed- 
imentary Clays, p. 87.) 

Rock with argillaceous odor, a somewhat jaspery appearance, 
divisible into fragments more or less polyhedric. (Argillite, 
p. 80.) 

The following materials may be enumerated as belonging 
with this class, but they are rarely found in large masses : 

c. Earthy Baryta or Barytine. Insoluble, infusible j pow- 
dered and treated with carbon may be reduced to Barium Sul- 
phide. 

d. Massive Apatite, soluble in acids. 

e. Calamine, the powder of which, if heated with nitrate of 
Cobalt becomes yellowish-green. 

/. Concretionary Blende which yields sulphurous acid on 
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carbon and gives a coating on charcoal which is yellow while 
hot, but white when cold. Generally associated with Galena. 
g. Concretionary Aragonite, fibrous, decrepitates before the 
blow-pipe ; soluble with effervescence in cold acids. 

n. SCEATCHED WITH DIFFICULTY BY STEEL POINT, 

SCBATCH GLASS EASILY : 

(When rocks are friable, the hardness of their grains may be 
tried between two plates of glass.) 
A, Completely/ schistose or foliated, 

1. With elements visibly crystallized. With a base of 

Hornblende, laminated or acicular j fusible to black 
or deep green enamel. (Hornblende Schist, p. 69.) 

With a base of green Hornblende, fusible to an enamel not so 
deeply colored. (Actinolite Schist, p. 69.) 

With a base of Hematite which becomes magnetic on char- 
coal, in black grains of metallic lustre. (Itabirite, p. 111.) 

With infusible Quartz grains in layers, separated by Talc or 
Mica. (Quartzitcs and Itacolumites, p. 90.) 

2. Compact and fusible, crystalline paste, partly soluble 

in H CI, divisible into sonorous plates, often over- 
spread with crystals of Sanidine. (Phonolite, p. 51.) 

Crystalline paste, insoluble in H CI, frequently covered .by 

crystals of Feldspar and Quartz. (Slaty Porphyry, p. 45.) 

3. Compact or earthy, infusible, in more or less thin 

laminae ; hard, insoluble in H CI and hot alkaline solu- 
tions. (Argillite, p. 86.) 

In minute infusible grains, insoluble in H CI, but soluble in 

hot alkaline solutions. 

JB. Bocks stratified rather than laminated. 

1. Infusible. Soluble in hot alkaline solutions, concre- 

tionary. (Gcyserite, p. 91.) 

2. Fusible. Feldspathic paste, with splintery fracture. 

(Petrosilex, p. 43.) 

Feldspathic paste, infusible, msoluble, porous. (Schistose Tra- 
chyte, p. 48.) 
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Paste deep green, fusible to black globule. (Aphanite, p. 71.) 

Aspect vitreous, partly enameled, fusible with intumescence 
to clear colored glass. (Retinite, Pitch Stone, p. 53.) 

Vitreous or enameled, fusible to green enamel. (Vitreous Bas- 
alt, p. 56.) 

With acicular crystalline grains forming scoria before the 
blow-pipe, attacked by HOI after calcination. (Stratified Epi- 
dote, p. 73.) 

Crystalline grains, attacked by HCl, after long calcination j 
hard as Quartz , . . Crystals of the cubic system. (Garnet, p. 72.) 

Rocks formed of a white material, fusible, attacked by H CI 
and by Hj^O^ containing green Smaragdite. (Euphotide, p. 66.) 

$ 4. Vitreous Books. 

Resinous aspect, fuse easily with intumescence, fracture splin- 
tery, yield H,0 in open tube. (Retinite, p. 53.) 

Vitreous rocks with conchoidal fracture fusible to blebby glo- 
bule. (Obsidian, p. 52.) 

Fusible to a black globule, partly soluble in HOI. (Vitreous 
Basalt, p. 59.) 

Rock resembling porcelain or burned clay, often banded, fus- 
ible. (Porcelanite, p. 86.) 

Vesicular rocks and Globuliferous rocks may be included 
in this group. 

$ 5. Books simple or apparently so. 

I. OPAQUE WITH METALLIC LUSTEE GENERALLY: 

Solutions in acids strongly colored; depositing only sand 
or clay. 

A. Magnetic, of black color and giving black powder 5 hardness 
6 ; density 5.18. Soluble in hot HCl, grains often octahedrons. 
(Magnetite, p. 110.) 
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Same characters, giving a violet bead with salt of Phosphor- 
us. (Titanic Iron, p. 110.) 

Brown powder, green bead with salt of Phosphorus. (Chromic 
Iron, p. 110.) 

B. Magnetic^ only after being heated on carbon; having 
metallic lustre, black, or iridescent ; also earthy red varieties ; 
powder, red or purplish. (Iron peroxide, Heipatite, p. 111.) 

Exterior shining, sometimes iridescent, or earthy and yellow, 
mammellated, powder brown or ochre-yellow. (Limonite, p. 112.) 

Effervescing in H CI, sparry fracture. (Siderite, p. 112.) 

Earthy aspect, sometimes slightly metallic ; blackish color, 
powder greenish-gray, fusible to black magnetic scoria, soluble 
in H CI, with a deposit of gelatinous Silica, not so hard as a 
gteel point. (Chamoisyte, p. 79.) 

0. Not Magnetic; not becoming so. 

1. Giving Manganese colored bead with salt of Phos- 

phorus. Rieleasing Chlorine in the presence of 
HL,SO, and NaCl. 

a. Black powder, infusible ; density 4.97. (Pyrolusite). 

5. Black powder, yielding H3O in closed tube 5 density 4. 
(Manganite, p. 113.) 

c. Brownish-black powder ; density 4.33. Solution in HOI 
precipitated by HjSO^. (Psilomelane, p. 113.) 

2. Non-Manganic rocks. Lead-gray or black. Pow- 

der, blackish-gray. Lead reaction on coal. (Galena, 
p. 109.) 

Color variable 5 powder gray or brown ) heated with carbon- 
ate of Soda forms a sulphide which blackens silver foil. Coat- 
ing on charcoal, yellow while hot; white when cold; fusible, at- 
tacked by H NO3. (Zinc Blende, p. 109.) 

Lead-gray or black ; scratched by thumb nail ; marking paper. 
(Graphite, p. 114.) 

Brass-yellow; hardness 0.5 ; cubical crystals, fusible, soluble, 
magnetic before the blow-pipe, is found sometimes nearly alter- 
ed to Limonite or Hematite. (Cubical Pyrites, p. 110.) 
6* 
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Color greenish-yellow. Soluble in H Gl, yielding oopper reac- 
tion with Ammonia j hardness 4 ; density 4.16. (Ohalco-Pyri- 
tes, p. 110.) 

Bed powder ; volatilizes in open tube, becomes black at a 
high temperature but red again on cooling ] heated with carbon- 
ate soda yields metallic Mercury and Sodium Sulphide. (Cin- 
nabar.) 

II. CARBONACEOUS MATERIALS: 

Often brilliant lustre, sometimes dull -, fibrous texture ; will 
detonate in tube with KNO3. (Fossil Carbons.) 

III. ROCKS WITHOUT METALLIC LUSTRE : 

A. Not so hard as the steel point. 
1. Crystalline : 

a. Soluble in water ; saline taste ,* colors flame yellow. (Rock 
Salt, p. 96.) 

Solution precipitated by Silver Nitrate and Platinum Chlor- 
ide. (Carnallite, p. 97.) 

Salt bums fiercely on coal. (Nitre, p. 96.) 

Colors flame yellow. (Soda Nitre, p. 96.) Colors flame yel- 
low and efifervesces in acids. (Trona, p. 96.) 

b. Insoluble in HaO. Soluble in H^ SO^ but without releas- 
ing CO,. Fuses easily. Colors flame yellow. Cleavage rec- 
tangular. (Cryolite, p. 97.) 

Corrodes glass. Solution in H, SO4 precipitated by Ammoni- 
um Oxalate. (Fluor Spar, p. 98.) 

Soluble in HCl and HNO3 ; giving yellow precipitate with 
Silver Nitrate } colors flame pale green. (Apatite, p. 104.) 

Rock often porous 5 heated in open tube, gives water and sul- 
phurous acid J soluble in Potash solution. (Alunite, p. 108.) 

Rock formed of crystalline laminsB often greenish, attacked 
by H SO4 ; soft powder, gives water in closed tube, fusible 
when rich in Iron. (Chlorite Schist, p. 78.) 

c. Insoluble or nearly so in water j soluble in dilute acids with- 
out effervescence. 
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Solution giving wMte precipitate with Ammonium Oxalate. 
(Limestone.) Soluble in acids depositing clay. (Marl, 
p. 102.) 

Soluble as before, depositing silica. (Siliceous Limestone, p. 
100.) 

Depositing schistose materials. (Schistose Limestone, p. 
100.) 

Dissolving slowly in cold acid ; solution precipitated by Am- 
monia and Sodium Phosphate. Before the blow-pipe giving 
flesh-tint with Cobalt nitrate. (Magnesite, p. 103.) 

In addition to above reaction, the solution gives precipitate 
of Calcium with Ammonium Oxalate. (Dolomite, p. 103.) 

Solution gives brown precipitate by Ammonia and red with 
Potassium Sulpho-cyanide. (Siderite, p. 112.) 

Yielding many of the preceding reactions. (Brown Spar.) 

Quite soluble with heat. (Magnesian Limestone, p. 104.) 

d. Insoluble or nearly so in H,0 and acids, either before or 
after heating. 

Compact, soft to the touch, scratched by the nail. (Steatite, 
p. 82.) 

Soft to the touch, soluble in concentrated HaS04 (Serpentine, 
p. 8L) 

e. Yielding Sulphides when heated on carbon. 

Scratched by the nail ; before the blow-pipe it exfoliates and 
becomes opaque; yields Calcium Sulphides when heated on char- 
coal. (Gypsum, p. 106.) 

Not scratched by nail, fusible, wet with HCl, colors the blow- 
pipe flame brick-red. (Celestine, p. 106.) 

Heated before the blow-pipe is only rounded on the edges and 
decrepitates, cleavage oblique j density above 4. (Heavy Spar, 
Barytine, p. 106.) 

Fuses with difficulty to white enamel and dissolves in Borax 
to a clear bead which becomes yellow on cooling. (Anhydrite, 
p. 105.) 

2. Massive texture : 

Earthy aspect, often argillaceous odor. 
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a. Fusible with di£Sculty, full of cavities, composed of Feld- 
spar partly altered. (Argillaceous Pitchstone, p. 53.) 

Fusible, grayish, often containing crystals of Sanidine. (Oligo- 
clase-Trachyte, Domito, p. 48.) 

Fusible, stratiform, without apparent cavities, sedimentary^ 
(Eurite, Felstone, p. 43.) 

Fusible, ferruginous, attacked by H OL (Bog Iron ore.) 

Fusible, sticking to the tongue, falling apart in the water. 
(Fuller's Earth, p. 87.) 

Fusible, argillaceous odor. (Argillite, p. 86.) 

Disengages Hydrofluoric acid when treated with H^SO^ 
(Fluor Spar, p. 98.) 

Giving colored solutions with acids. (Magnetite, Limonitc, 
p. 112.) 

Fusible to black magnetic scoria ; gives yellow solution with 
HCl, depositing gelatinous Silica. (Chamoisyte, p. 79.) 

b. Infusible : 

ha. Forming paste with water, decomposed by H^SO* ; con- 
tains Silica, also some Quartz ; yields a non-plastic paste. (Kao^ 
lin, p. 86.) 

Yields to H CI Alumina and Iron ; gives a plastic paste. (Plas- 
tic Clay, p. 86.) 

lb. Not forming paste in water, insoluble in acids, soluble 
in boiling Potash, friable mass, slightly consistent ; will scratch 
glass. (Siliceous Earth, p. 91.) 

he. Colored masses giving colored solutions with acids. 
See Simple rocks. 

Id. Soluble with effervescence in H CI, givmg Iron reac- 
tions. (Siderite, p. 112.) 

he. Soluble in cold dilute acids with residue of Silica. 
(White Chalk, p. 102.) 

Same with granules of Glauconite. (Glauconitic Chalk.) 

Same with residue of sand and Mica. (Chalk Tufa.) 

Rock more compact than above. (Compact Limestone, Com- 
pact Chalk, p. 102.) 
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With little effervescence, leaving residue of clay. (Marl, p. 102.) 
hf. Infusible, no effervescence, non-argillaceous, insoluble; 
treated with charcoal and heated, yields Barium sulphide. 
(Heavy Spar, p. 106.) 

Scratched by the thumb nail, slightly soluble, fusible, (Gyp- 
sum, p. 106.) 

B, Bocks harder them the steel point 
1. Aggregate of crystalline grains : 

a. Fusible, giving globule. 

aa. Color neither black nor deep green 5 the essential ele- 
ment has the laminated fracture of Feldspar. 

This element is insoluble, it presents faces of considerable 
size ; bright lustre, containing about QQ% of Silica sometimes 
colored green by oxide of Copper. (Harmophanit^, p. 41.) 

Essential element, Orthoclase with small facets, the rock be- 
ing nearly compact. (Leptynite, Granulite, p. 41.) 

Chief element, Oligoclase, striated, insoluble, fusible, cleav- 
able 5 contains 60% of Silica, mixed with Feldspar, Quartz, and 
Hornblende. (Tonalite, p. 71.) 

Essential element, Labradorite ; fusible, attacked by acids 
after being pulverized, striated laminae. (Labradorite, p. 41.) 

db. Rock formed of greenish-yellow or brown grains. 

The grains are Pyroxene, easily fiised, not attacked by acids ; 
hardness about that of Feldspar; density 3.3. (Coccolite.) 

Grains with difficulty, belong to the garnets j generally har- 
der than Quartz ; slowly attacked by acids, but forming a jelly 
after calcination ; density 3.4 to 4.3. Rock often compact. 
(Garnet, p. 72.) 

Fine grained, form a jelly in HCl after calcination, are of a 
pistache green color, fusible to a black enamel; density 3.4; 
hardness about 6. (Epidote, p. 73.) 

Grayish rock, fusible, soluble in acids 5 density 3. (Scapolite, 
p. 72.) 

ac. Foliated black rocks, fusible, soluble in HCl, two deav- 
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age-planes forming an angle of 124^. Thin laminse of a deep 
green. (Amphibolite, p. 69.) 

h. Formed of crystalline grains, fused with difSculty or not 
at all. 

Rocks formed of green or yellowish-green Peridot, infusible, 
soluble in H CI after pulverization. (Dunite, p. 80.) 

Rock formed of grains having a sparry fracture of a white or 
greenish-white color, a greasy lustre fusible only at the edges, 
not attacked by acids. (Enstatite, p. 33.) 

Foliated or granular rocks formed of Hypersthene, fibrous, 
brown or with a coppery lustre 5 not attacked by acids. (Hy- 
perite, p. 67.) 

Rock consisting only of Quartz, infusible, insoluble, greasy 
lustre, translucent, vitreous fracture. (Quartz Rocks, p. 90.) 

Rock formed of Quartz grains sometimes very fine, united by 
a cement difficult to distinguish; resembling Quartzite but 
generally colored by oxides of Iron ; massive, and mammellated. 
(Sandstone, p. 92.) 

Same rock with siliceous cement, conchoidal fracture and 
shining lustre. (Siliceous Sandstone, p. 92.) 

Aggregate of Quartz grains ; infusible, insoluble in acids; 
differing from sandstone only by the absence of cement. (Quartz- 
ite, p. 90.) 

2. Rock formed of an element in crystalline grains, but 
of indistinct form by reason of their minuteness. 

a. Fusible. 

Fusible to a white enamel, more or less dotted with black ; 
insoluble ; with a crystalline structure, rough, porous, and gray- 
ish. (Trachytes, p. 48.) 

Fusible to a greenish-white or brownish-green enamel, form- 
ing jelly in acids ; sonorous. (Phonolite, Clink-Stone, p. 51.) 

Fusible to a white enamel, sometimes spotted with black ; in- 
soluble 5 generally the rock is compact, of a clear color, some- 
times of a more or less reddish-brown, with a splintery fracture, 
and containing frequently crystals of Orthoclase. (Eurite, Petro- 
fiilex, p. 43.) 
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Rocks generally of a black or dark color, fusible to dark col- 
ored globules. 

Rocks difficult to fuse, greenish, decolorized by HCl, or black, 
often shining j often attacked by acids 5 formed of Hornblende 
and Oligoclase in indistinct masses ; allied to the Diorites ; often 
containing crystals of Hornblende. Density, 2.75 to 3. ( Apha- 
nite, p. 71.) 

A blackish rock, fine grained, brilliant lustre, formed of Labra- 
dorite and Augite, allied to the Dolerites 5 if pulverized and 
treated with acids, -j^ of the mass is dissolved. Density 2.9 to 
3. (Anamesite, p. 56.) 

Compact rock, bluish or grayish-black color ; dull, tenaceous j 
pulverized and digested in HOI, it loses y to f of its mass; 
contains Labradorite, Augite, and Titanic Iron. Density 2.5 to 
3. (Basalt, p. 56.) 

Compact rock, formed of Hypersthene and Labradorite. The 
residue, after treating with acids, is difficult to fuse. (Hyperite, 
Hypersthenite, p. 67.) 

b. Infusible, insoluble, and but slightly, if at all, soluble in 
boiling potash. Splintery or conchoidal fracture translucent 
on the edges. (Flint, p. 90.) 

Flat fracture, opaque. (Jasper, p. 91.) 

Granular aspect in the fracture (Quartzite and Sandstone.) 

Infusible and friable, hard enough to scratch glass, insoluble 
in acid, but soluble in potash solution. (Siliceous Sinter, p. 91.) 



i 6. Porphyritio Bocks. 

Rocks formed of a paste always fusible, and of crystals or 
grains of Feldspar, Augite, Hornblende, Quartz and scales of 
Mica. 

I. Pastes harder than the steel point : 

Fusible to white globules sometimes dotted with black ; or to 
bottle-green beads, if much Iron be present. 
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Paste abundant, with crystals of Orthoclase with bright lus- 
tre, never striated ; mixtfd also with crystals of Oligoclase duller 
in color and softer, often with stria) j often also Albite of a clear 
color, with or without laminae of Mica. (Porphyry proper, Feld- 
spathic Porphyry, p. 45.) 

Quartz crystals in dihexahedrons added to the above. (Quartz- 
iferous Porphyry, p. 43.) 

Paste indistinct, crystals of Feldspar, Quartz and Mica. . (Gran- 
itoid Porphyry, p. 45.) 

Paste distinct. Feldspar crystals apparently Oligoclase, stri- 
ated, often with Quartz and often small quantity of Hornblende, 
Augite, Mica in scales. Chlorite. (Oligophyre, p. 46.) 

Paste more or less porous, rough to the touch, with crystals of 
Oligoclase, Hornblende or Augite. (Andesite, p. 50.) 

Paste fusible to a white globule, dotted with black, with 
crystals of Sanidine, often Hornblende and Mica. (Porphyritic 
Trachyte, p. 48.) 

Greenish paste fusible to a white globule, partly soluble in 
HCl. (Porphyritic Phonolite, p. 51.) 

Pastes fusible to hlaclc or dark colored globules: 

Dark paste often magnetic, containing crystals of Augite ex- 
hibiting a characteristic form ; often colored green by Chlorite, 
and is calcareous. (Melaphyre and Green and Black Porphyries, 
p. 62.) 

Paste with crystals of Oligoclase and Hornblende. (Dioritio 
Porphyry, p. 71.) 

Basaltic paste, fusible to a black enamel, with grains of Oli- 
vine, infusible, soluble in HCl j also Peridot in greenish or red- 
dish grains. (Olivine Basalt, p. 56.) 

Basaltic paste with crystals of Hauyne in rhombododecahed- 
rons, generally blue j vitreous fracture, fused with difficulty, 
reduced to jelly in HCl. (Hauynophyre, p. 60.) 

Basaltic paste with crystals of Amphigene in reddish or 
white trapezohedrons, infusible, soluble in acids. Eock of a 
more or less deep gray color. (Leucite Porphyry, p. 44.) 
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Basaltic paste with crystals of Nepheline in six sided prisms, 
easily fusible, yield gelatinous deposit .in HOL Bock often gra- 
nular. (Nepheline Dolerite, p. 56.) 

Paste of Oligoclase with brown or black Mica and Spathic 
Iron ; Oligoclase crystals. (Kcrsanton, p. 76.) 

Same rock with crystals of Hornblende. (Kersantite, p. 77.) 

Orthoclase paste sometimes contains crystals of this Feld- 
spar, considerable brown or blackish Mica and a little altered 
Hornblende. (Minette, p. 75.) 

II. Paste softer' than the steel point j by reason of alteration : 
Argillaceous Porphyry ; Domite. (See Earthy rocks.) 
Vitreous rocks with crystals of Feld : Obsidian, Retinites. 

(Gallinace, p. 59.) 

III. Bocks of a porphyroidal ratJier than a porphyritic aspect : 
. Calcareous rocks effervescing with acids and containing Gar- 
nets. (Oalciphy re. ) 

Calcareous rocks effervescing with HCl, containing Serpen- 
tine. (Ophicalcite.) 

Limestone with Mica or Talc. (CipoUino, p. 99.) 

Limestone with Hornblende. (Hemitrene.) 

Schists with Ottrelites, p. 84. 
" " Staurotides, p. 84. 
" " Macles, p. 84. 

With the above might also be classified those Syenites, Gran- 
ites, and Gneiss which contain large crystals of Feldspar dissem- 
inated through a matrix of finer grains and hence called Por- 
phyroidal. 

Related to these also are the Wackes and the Spilites. 

See Globuliferous and Cellular rocks. 



$ 7. Complex Books. 

I. TEXTURE ENTIRELY CRYSTALLINB : 

A, Nonrcdkareous ) makmg little or no effervescence in adds. 



138 DETERMINATION OF ROCKS. 

1. Bocks of clear color, or containing only black Mica, 
as an essential element : 

Orthoclase in small laminated grains with Garnets and black 
Tourmalines. (Leptynite, Granulite, p. 41.) 

Orthoclase in spathic lamina), bright, more or less pearly, 
yellow, red, or green ; fusible, insoluble in acids ; Quartz in 
vitreous grains, often in long hexagonal prisms ; often arranged 
in hieroglyphic forms. Tourmaline, Beryl and Mica sometimes 
occurring as accessory elements. (Pegmatite, p. 40.) 

Same elements, but more or less rounded, united by a visible 
cement ; often contains particles of Galena, Chromic oxide and 
heavy Spar. (Arkose, p. 92.) 

Orthoclase, white, red, and green, with a bright lustre on the 
fracture surface ; often Oligoclase with a splintery fracture, a 
duller lustre and either white or slightly greenish Quartz in vit- 
reous grains ; Mica, of a silver white, yellow or black color. 
(Granitite, p. 37.) 

Same rock with Mica replaced by Talc ,• very soft, insoluble, 
and infusible j accessory element. Chlorite. (Protogine, p. 39.) 

Orthoclase, Nepheline, fusible with difficulty, soluble to jelly 
in H CI, HC J black Mica in large laminae j accessory element, 
Sodalite. (Miascite, p. 41.) 

Orthoclase, Elseolite. (Variety of Nepheline.) Blue Soda- 
lite. (Ditroite, p. 41, rather rare.) 

Oligoclase in crystals, fusible, insoluble j Mica of a bronze 
color, rock porphyroidal. (Kersanton, p. 76.) 

Saussurite. (Labradorite or Zoisite) dull, greenish-white ; den- 
sity about 3, difficult to fuse, forming jelly in H CI ; Smarag- 
dite of a green color, easily fusible. (Euphotide, p. 66.) 

Labradorite with Diallage of a pearly lustre more or less 
silky, soft, easily fusible, not attacked by acids. (Gabbro, Gran- 
itone, p. 66.) 

Quartz in grayish grains, infusible, insoluble j with Mica in 
laminsB. (Greisen, p. 74.) 

Quartz with Topaz in crystals of a pale yellow color, often 
with black Tourmaline and Lithomarge. (Topaz rock, p. 89.) 
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Garnets withActinolite and Talc. (Garnet rock, p. 72.) 

Aggregate of red Garnet, harder than Quartz with Pyroxene, 
insoluble, softer than Garnet ] sometimes blue Disthene and 
green Epidote. (Eklogite, p. 72.) 

Disthene, infusible, insoluble, barely scratched by the steel 
point, with Garnet, and Augite. (Disthene, p. 72.) 

Aggregate of Oordierite in hexagonal prisms with a vitreous 
fracture, blue in certain directions, difficult to fuse, attacked 
slightly by acids, harder than Quartz ; Orthoclase and Garnet. 
(Oordierite, p. 41.) 

Mica, Garnet and lolite. (Kinzigite, p. 42.) 

2. Eocks containing at least one black or deep green ele- 
ment other than Mica. 

White rock spotted with black or vice versa. Oligoclase in 
white, greenish-white, or reddish- white grains, fusible, insoluble ; 
black or deep green Hornblende ingrains, very fusible, brilliant 
cleavage faces forming an angle of 124^ ; Epidote and Pyrites. 
(Diorite, p. 69.) 

Eock similar, white or grayish-white Labradorite, Augite in 
black grains or in crystals of a vitreous fracture and imperfect 
rectangular cleavage; crystals of Magnetite ; the rock often eflfer- 
vescing in acids. (Dolerite, p. 56.) 

Oligoclase, Quartz, Mica, and Hornblende. (Tonalite, p. 71.) 

Oligoclase, Mica, Hornblende, rock generally porphyritio. 
(Kersantite, p. 77.) 

Oligoclase, Hornblende, forming a rock sometimes porphyrit- 
io, sometimes granular, often showing by its porosity, its analo- 
gy to the Trachytes. (Homblende-Andesite, p. 50.) 

Same rock with Augite replacing the Hornblende, sometimes 
also Peridot. (Augite- Andesite, p. 51.) 

Labradorite, Augite, Magnetite, rock impregnated with Chlo- 
rite and Oalcite. (Ophitone, p. 61.) 

White or gray Anorthite, fusible, soluble in HCl depositing Sil- 
ica, Hornblende of a deep green, and a little Quartz. (Orbicular 
Diorite, p. 70.) 



140 DETERMINATION OP ROCKS. 

Granulated rock, often porphyroidal with white Anorthite, and 
black Augite : Hornblende and Epidote as accessory elements. 
(Eukrite, p. 61.) 

Hypersthene of a brownish or greenish-black, with Labrado- 
rite of a greenish-white color. (Hyperite, p. 67.) 

Quartz and Tourmaline, the latter black and fusible and in a 
scoria of the same color. (Tourmaline rock, p. 34.) 

Granite with a large quantity of Acicular Tourmaline. (Tour- 
maline Granite, p. 38.) 

B. Effervescing with acids, and formed : 

1. Of crystalline limestone which effervesces promptly 

with acids, giving a solution precipitated by Ammo- 
nium Oxalate ; or of Dolomite which dissolves with 
effervescence only with heat. 

2. Of a large number of accidental minerals. 

II. CONGLOMERATE ROCKS. 
Formed of fragments of one or many rocks, generally united by a cement : 

Angular fragments of Granite in a matrix which differs only 
by the color or dimensions of its particles. (Granitic Breccia, 
p. 39.) 

Angular or rounded fragments of Porphyry in a matrix of the 
same kind. (Porphyritic Breccia, p. 46.) 

Fragments of Trachyte in a sort of Trachytic paste. (Tra- 
chytic Breccia, p. 54.) 

Fragments of Phonolite in a paste of Feldspar more or less 
Kaolmized. (Phonolitic Breccia, p. 51.) 

Debris of Melaphyres, Spilites, Wackes, Ophitone,in a brown, 
green, or gray paste, like those of the Porphyries, but with more 
calcareous matter. (Melaphyre conglomerates and Breccias, 
p. 62.) 

D6bris of Basaltic character. (Basaltic conglomerates, p. 56.) 

Same debris with cement of Palagonite. (Palagonitic Tufa, 
p. 61.) 

Debris of Schistose crystalline rocks in an argillaceous paste. 
(Gneiss and Mica Schist conglomerates, p. 39.) 
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Fragments of Quartz in a siliceous cenient often ferruginous. 
(Quartz Breccia, p. 94.) 

Fragments of Jasper or Flint in a siliceous cement. (Jasper 
Breccia, p. 94.) 

Rounded pebbles of Flint in siliceous cement. (Puddingstone^ 
p. 94.) 

Pebbles of Porphyries more or less altered, argillaceous ce- 
ment. (Psephite, p. 95.) 

Quartz in pebbles or grains, particles of clay Slate of Phtanite, 
with a cement and Silica containing free Carbon. (Graywacke, 
p. 94.) 

Fragments of Sandstone, Limestone, crystalline schists, with 
siliceous, argillaceous, or calcareous cement with a surface pre- 
senting rounded projections. (Nagelflue, p. 94.) 

Quartz, Feldspar, sometimes Mica in a cement siliceous, or 
argillaceous, or formed partly of Heavy Spar or Fluor Spar. 
(Arkose, Feldspathic Sandstone, p. 92.) 

Quartz fragments with calcareous or argillaceous cement. 
(Sandstone, p. 92.) 

Quartz grains, flakes of Mica, with particles of Feldspar, ar- 
gillaceous cement, colored by oxide of Iron, or Copper carbon- 
ates, schistose texture. (Psammite, p. 93.) 

Same rock with carbonaceous particles. (Carbonaceous Sand- 
stone, p. 92.) 

Grains of Quartz and Feldspar, laminae of Mica with a green- 
ish gray cement of a siliceous, marly character j a solid rock 
more or less schistose and eflfervescing in acids. (Macigno, p. 93.) 

Grains of Quartz, Calcite, Mica Glauconite j cement calcare- 
ous or marly. Rock more friable than preceding. (Molasse, 
p. 93.) 

i 8. Non-coherent Bocks, with Essential Elements 

Isolated. 

Minute grains of Quartz. (Quartz Sand, p. 93. 
Quartz grains with flakes of Mica. (Micaceous Sand.) 



t 
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Quartz Sand is often mixed with fragments of Gurnets, Zir- 
oonSy Magnetite, etc 

Sand formed of small grains and pebbles of Quartz, Jasper, 
or Flint (Gravel.) 

Pulverolent material or very fine fragments of Trachyte or 
Pumice. (Trachytic Cinder, p. 27.) 

Basaltic rocks equally pulverized, or dAris of Volcanic Scoria. 
(Volcanic Ashes, Lapilli and Puzzulana, p. 59.) 

Sand is sometimes formed df grains of Dolomite soluble in 
hot acids, and giving reactions of Lime and Magnesia (p. 104.) 



PART FOURTH. 



APPENDIX. 



Dichotomic Method for the Determination of Hocks.* 

m 

I ^ The rock appears homogeneous. 2. 
( It is evidently heterogeneous. 175. 

It has a metallic aspect, not removed by scratching with a steel 
point. 3. 

Has a non-metallic appearance, or a metallic lustre easily re- 
moved by action of steel point. 9. 

On charcoal before the blow-pipe yields sulphurous odor. 4. 
On charcoal does not yield sulphurous odor. 8. 



J. ( Yields a metallic globule, malleable. 
( Yields a non-metx^c globule. 5. 



Galena, 



{ 



The solution of the globule in nitric acid, becomes bine 

with Ammonia. Chalco-j^yritea, 
The nitric acid solution does not become blue. 6. 

The rock has a bronze color. Magnetio Pyrites. 
It is of a brass-yellow color. 7. 

It is of compact structure. Compact Pyrites, 

It is radiated. FiJI^ous Pyrites, 



Q < The rock is compact. Compact Magnetite, 

I It is granular. Granular Magneitite. 

Q 5 Nitric acid produces effervescence. 10. 

^ } Does not. 38. 



10 



"I 



The effervescence is abundant. 11. 
Effervescence slow or requiring heat. 25. 

The solution in acid leaves much residue. 12. 
Leaves but little residue. 17. 



*TransU«ted from "Cours Elemeutaire do Oeoiogie AppUquee/' par M. 

Stanislas Meonier. 
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,n 5 '^^ residae is black, consisting of carbon. 13. 
" ^ It is not black. 14. 

«o ( Heated in closed tube yields bitumen. Bitumiwms Limestone. 
Yields no bitumefi. Anthraconite. 



"{ 



The residue consists of grains harder than glass. Calcareous 

Sdiist. 
It is of soft material. 15. 



1^ ( The residue forms a paste with water. 16. 

Does not form a paste. Marly Limestone, 



16 
17 



The rock is compact. Marlstone. 

It is schistose. Marl-Shale. 

The rock is soluble in water. Natron. 
Insoluble. 18. 



Ig 2 The rock is not coherent. Caloare(yas Sand. 

) It is coherent. 19. 



{ 



The rock consists of pebbles or fragments cemented togetb- 
19 { er. Calcareous Pudding Stone or Breccia. 

It does not consist of cemented fragments. 20. 



2Q { The rock is crystalline. 21. 
It is not crystalline. 22. 



21 



The rock is granular. Granular Limestone. 

The rock is librous. Fibrous Limestone. 



oo 5 The rock is friable. Earthy lAmestone. 

^^ \ It is not friable. 23. 

QQ \ The rock is formed of organic remains. Fossil Limestone, 

Is not so formed. 24, 



24 



The rock is compact. Compact Limestone. 

It is globuliferous. Oolitic Limestone. 



OK S I* is fusible before the blow-pipe. 26. 

-^ ^ It is infusible. 50. 

2J. J It yields by fusion a white enameL 27. 

^ Fuses to a black magnetic bead. 28. 



27 



It is crystalline. Crystalline Calamine. 

It is compact. Compact Calamine. 
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28 
29 
30 

31 

32 
33 



It is clystalllne. 
Is not crystalline. 

It is compact. 
It is schistose. 



29. 



Spathic Siderite. 



Compact Siderite. 
Sdhiatoae Siderite. 



{ 



Gives magnesia reaction with Cohalt. 31. 

No magnesia reaction ; effervescence due to imparities. 38. 

The acid solution of No. 9 is precipitated by ammonium oxa- 

late and heat. 32. 
No such reaction. 36. 



i 



38* 



35 



36 



The rock is incoherent. 
The rock is coherent. 33. 

The rock is crystalline. 
It is not crystalline. 34. 

The rock is schistose. 
It is compact. 35. 

The rock is firm and solid. 
It is pulverulent. 

The rock is crystalline. 37, 
Is not crystalline. 

The rock is laminated. 
It is granular. 



Sandy Dolomite. 



Qranular Dolomite, 



Schistose Dolomite. 



Compact Dolomite. 
Earthy Dolomite. 



Compact Qiol)ertite. 

Spathic Crioheriite. 
Granular Giobertite. 



39 
40 



\ 



Heated in closed tube yields condensable vapors. 39. 
Yields no condensable products. 103. 

The condensed vapor is water. 58. 
The condensed vapor is not water. 40. 

Heated in open air, it fuses and bums with blue flame. 41. 
Burns, but not with Ntie flame. 43. 



"\ 



42 



43 



44 I 



The rock is crystalline. 
Is not crystalline. 42. 

It is compact. 
It is porous. 

It is liquid. 

Is not liquid. 44. 

It fuses completely in closed tnbe. 45. 
Does not fuse. 46. 



Sulphur. 



Compact Sulphur. 
Tufaceous Sulphur. 

Petroleum. 
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45 
46 
47 
48 
49 
50 
51 
52 
53 
54 



55 



5G 
57 
58 
59 
60 
61 
62 



It is solid. 

It is pasty or yiscid. 

Bams easily and with flame. 49. 

Burns with difficulty and without flame. 47. 



Asphalt, 
Fiaasphalt. 



The rock is pulverulent 
Is not so. 48. 

It is compact. 
It is schistose. 

The powder of the rock is hlaok. 50. 
It is brown. 52. 

The rock is pulverulent. 
It is not. 51. 



Earthy Anthracite, 



Compact Anthracite, 
Schistose Anthracite, 



Earthy Bituminous Coal, 



It is compact. 
It is schistose. 

It is schistose. 53. 
Is not schistose. 54. 

It is sonorous. 
Is not. 

It is compact. 55. 
Is not compact. 56. 

Bums, yielding odor of bitumen. 
Burns, giving odor of dry herbs. 

It is earthy. 

Exliibits woody structure. 57. 

Exhibits fibre of wood. 

Exhibits structure of small plants. 



It is infusible before the blow-pipe. 59. 
It is fusible. 73. 

It is black and will mark on paper. 60. 
Will not make a mark. 61. 



Compact Bituminous Coal, 
Schistose Bituminous Coal, 



Naphto-achist. 
Lignite. 



Compa<st Lignite. 
Peat. 

Earthy Lignite, 



Wood Lignite, 
Fibrous Feat. 



It is pulverulent. 
Is not i)ulverulent. 



Pulverulent Manganite, 
Compact Manganite, 



Before the blow-pipe gives the Alumina reaction. 62. 
Does not give Alumina reaction. 66. 



It is globuliferous. 

Is not globuliferous. 63. 



Oolitic Baua^te. 
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63 
64 
65 
66 

67 
68 

69 

70 

71 

72 

73 

74 

75 

76 
77 
'''8 
79 
80 



It is a pudding stone or breccia. 
It is not. 64. 

It is quite solid. 

It has but little solidity. 65. 

It forms a paste with water. 
Does not form paste. 



Conglomerate Jasper. 
Compact Ja^er, 



Compact Clay. 
Compact Bauxite, 



It is quite friable or even pulverulent. 67. 
It is quite coherent. 68. 

Under the mi croscope, it exhibits skeletons of infusoria Tripoli. 
Under the microscope, appears amorphous. Kieselguhi Menilite, 



The rock is porous. 
It is compact. 69. 

It gives blow-pipe reactions for Magnesia. 70. 
Does not. 

It has a schistose structure. 71. 
Has not. 72, 



Geyaerite, 



Compact Opal, 



The laminae have an unctuous feel. 
The laminse are not unctuous. 

The rock is a conglomerate. 
Is not. 

Fuses to a magnetic bead. 74. 
The bead is not magnetic. 78. 

The powder of the rock is yellow. 75. 
The powder is blue-black. 77. 

It is globuliferous. 
It is uniform. 76. 

It is pulverulent. 
It is compact. 

It is compact. 
It is oolitic. 



Talcose Schist 
Schistoidal Serpentine, 

Serpentine Breccia, 
Compact Serpentine, 



Gkihuliferous lAmonite, 



Earthy Limonite, 
Brown Hematite. 

Compact Chumoisite. 
Oolitic Chamoisite, 



It gives before the blow-pipe magnesia reactions. 79. 
Does not. 80. 



It is compact. 
It is schistose. 



Compact Magneaite. 
Magnesite Schist. 



It is black and may be used as a slate-pencil. 81. 
Is not. 82. 
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g* K It is pulvemlent. Earthy Ampelite, 

I It is schistoidaL Ampelite Schist, 



82 
63 

84 



86 



88 
89 



91 
92 

93 
94 



96 



It is schistose. 63. 
It is not. 87. 

It forms a paste with water. Argillaceoua ShaU. 

Does not. 84. 

The rook is green. Chlorite Schiet. 

Is not green. 85. 



gc ^ Foses to a white enamel spotted with black. Fhonolite Schist, 
Fused mass has not this appearance. 86. 

The rock is formed of thin lamine. Clay Slate, 

Not formed of very thin lamin». Argillaoeaus Schist, 

ffv S ^^ forms a paste with water. 88. 
°' ^ Docs not. 90. 



It is compact. Compact Clay, 
Is not compact. 69. 

It is oolitic. Oolitio Clay. 

It is white and pulyerolent. KaoUn, 



QQ ^ Calcination renders it partially solnble. 91. 
^ Not thus made soluble in wat^. 95. 



The rock is a conglomerate. Alunite Breccia, 

Is not. 92. 

It is compact. Compact Alunite, 

It is earthy. Earthy Alunite, 

It is green. 94. 
Is not green. 95. 

It is compact. dmpact Glauconite, 

It is ooHtic. Oolitic Glauconite, 



QK 5 ^^ °^^y ^® scratched by the thumb nail. 96. 
^ ^ Cannot be. 100. 



Has a clayey appearance. 97. 
Is compact and stone Hke. 98. 



qy < It falls to pieces in water but does not form a paste. Zoom, 

^ Does not disintegrate in water. Clay, 

QQ > It is compact. Compact Gypsum, 

^ It is crystalline. 99. 



99 



101 
102 



105 



107 
108 



112 
113 



115 
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Itlsfibrons. Fihrotia Gypsum, 

It 18 granular. Granular Gypsum. 



100 i ^^ fuses to a white enamel with black spots. 101. 
The fused product has not such appearance. 102. 



The rock is clear and gray. Compact Leuoostite, 

It is dark colored. Compact PhonoUte. 

It has a vitreous lustre. Perlite, 

Has not. Compact Slate. 



-/VQ 5 It is fusible before the blow-pipe. 104. 

*"'* ^ It is infusible. 101. 

104 i ^^ ^^ soluble in water and consequently deliquescent. 105. 

^ Not soluble ill water. 109. 



It fuses on a red hot coal. IHiraiine, 

Does not. 106. 



106 i ^* colors blow-pipe flame bright yellow. 107. 

Does not. Camallite. 



It is fibrous. Fibrous Bock Salt, 

Is not fibrous. 108. 

If- is compact. Compact Bock Salt, 

It is granular. Granular Bock Salt, 

ino 5 ^^ gives when heated upon charcoal a sulphurous odor. 110. 
^^ ^ Does not. 116. 

«IQ ^ The rock is of remarkably high density. 111. 
Ji Density is not remarkable. 114. 

1^^ 5 ^^ colors the blow-pipe flame deep red. 112. 
^^^ ^ Does not. 113. 



It is compact. Compact Celestine. 

It is crystalline. Crystalline CelesUne. 

It is compact. Compact Heavy Spar, 

It is crystalline. Crystalline Heavy Spar. 

^1^ 5 '^^^ ^^ck is a conglomerate. Anhydrite Breccia, 
^^* ^ It is not. 115. 



It is compact. Compact Anhydrite, 

It is granular. Granular Anhydrite. 

Treated with sulphuric acid in the closed tube, it attacks the 
116 ^ glass. Fluor Spar, 

Does not. 117. 
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117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

128 
129 
130 
131 
132 
133 
134 
135 



It has a metallic lustre which disappears in a scratch. 118. 
Has no metallic lustre. 119. 



Fuses to a magnetic globule. 
Does not yield a magnetic globule. 

The rock is earthy. 121. 
Is not. 124. 

It fuses to a magnetic globule. 121. 
Fusion does not yield a magnetic globule. 

The rock is magnetic. 
Is not. 

Fuses to a white enamel. 

Does not fuse to an enamel entirely white. 

The rock is black. 
Is not black. 

The product of fusion is quite white. 125. 
Is not white. 136. 

It fuses with great difficulty. 126. 
Fuses easily. 127, 

It is granular. 
It IS compact. 

It is attacked by acids. 128. 
Is not. 130. 

It is crystalline. 
Is not. 129. 

The rock is compact. 
It is scoriaceous. 

The rock is vitreous. 131. 
It is not. 134. 

It has a conchoidal fracture. 
Fracture is rough or granular. 132. 

The rook is very light. 
Is not. 133. 

It has a resinous aspect. 
Has not. 

It is porous and rough. 
Is not porous. 135. 

It is granular. 
It is compact. 



Hematite^ 
Mica 



122. 



125. 



McLQuietite, 
Bed Hematite* 

Pumice. 



Earthy Basalt. 
Wacke. 



Apatite. 
Thorphorite. 



Ldbradorite. 

Sauasunte. 
Tephrine, 



Obsidian. 



Pumice. 



Betinite. 
Vitreatu Trachyte. 

Trachyte. 



Zeptyniie. 
Eurite or Petrosilex. 



APPENDIX. 



151 



136 J 

137 I 

138 I 

139 \ 

140 i 

141 I 

142 

143 
144 
145 
146 

147 

148 

149 

150 I 

151 j 

152 I 

153 J 



Compact HemaiUe, 



Fihrotu Hematite, 
Ooliiw Hematite, 



GalUnace (Vitreous Basalt). 



It is magnetic. 137. 
Is not. 139. 

The rock is compact. 
Is not. 138. 

It is fibrons. 

It is globaliferons. 

The rock is vitreous. 
It is not. 140. 

It is compact. 141. 
Is not. 150. 

It is green or greenish. 142. 
Is not. 144. 

It gives magnesia reactions before the blow-pipe. Lherzolyte 

(Pyroxene Hock). 
Gives no magnesia reactions. 143. 



It is of a light clear green color. 
It is of a deep green color. 

It is of a reddish or yellowish color. 
It is black or blackish. 145. 



Epidote. 
Keralite {Minette). 



Garnet Bock. 



The product of fusion is entirely black. 146. 
Is not quite black. 148. 

The rock affects the magnetic needle. 
Does not. 147. 

It gives alumina reactions before the blow-pipe. 

Does not. 

The rock exhibits a homy lustre. 149. 
Has not this lustre. 



Basalt, 

Compact 

Aphanite, 

AmphibolUe, 

Leptynolite. 



Contains mica which may be recognized by aid of a lens. Ker- 
alite, 
Has no trace of mica. Homstone, 

It is granular. 151. 
Is not granular. 155. 

It is green. 153. 

It is reddish or black. 152. 

It is reddish. 154. 
It is black. 

It gives alumina reactions. 
It gives magnesia reactions. 



Hornblende Bock, 

Granular Epidote, 
Pyroxene, 
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, < It ia black. 
' t ItiBofaol 



It is compact. 163. 



The rock ia poions. 
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172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 

184 

185 
186 
187 

188 



It is compact. 
It is pulvenilent. 



Compact Pyrolusite, 
Earthy Fyrolusite, 



It dissolves in nitric acid, depositing salphar. 
Does not give this reaction. 174. 



Blende. 



It is compact. 
It is granular. 



Comp€Ust DiiUlogitd, 
Granular Diallogite. 



The rock is entirely formed of crystals. 176. 
Not entirely so. 228. 

It exhibits only two substances. 195. 
It exhibits more than two. 177. 

Fonr different substances may be distinguished. 178. 
Only three minerals can be seen. 179. 



One of the minerals is amphibole. 
Amphibolo is not present. 

Mica is one of the elements. 180. 
Mica is not. 187. 

The rock contains quartz. 181. 
Contains no quartz. 

The mica is replaced by talc. 182. 
Is not. 185. 

The rock is foliated. 
It is not foliated. 183. 

It is granitoid in character. 
It is pseudo-porphyritic. 184. 



Syenite, 
GraniUte, 



Monzonite,* 



Protogine Sohiat 
Granitoid Protogine, 



The disseminated fragments are feldspar crystals. Porphyritio 

Protogine, 
The fragments are rounded. Glandular Protogine, 



The rock is schistose. 
Is not. 186. 

It is porphyritio. . 
It is granular. 

The rock contains quartz. 
It contains no quartz. 188. 

The rock is of a greenish color. 189. 
Is not. 190. 



Gneissio Granite, 



Porphyritic Granite, 
Common Granite. 

LuoeuUane,\ 



* Ck)ntain8 Feldspar, Mica and Pyroxene. One of the Waokes. 
t Quartz, feldspar and tourmaline. 
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189 
190 
191 
192 
193 

194 

195 

196 
197 
193 
199 
200 
201 
202 

203 

204 
205 



It contains talcose materials. 

Contains no talc, but green earthy particles. 

It contains hornblende. 191. 
It contains angite. 193. 

Contains zircon (brown or reddish). 192. 
No zircon present. 



EuphoUte* 
Gphitonci 



Leudie Bock, 



It is granular. 
It is porphyritic. 



Zircon Syenite, 
Porphyritic Zircon Syenite, 



The rock contains a white or whitish mineral. 194. 
Contains no such mineral. Peridotite, 

The white mineral yields considerable water in the closed 

tube. . . Analcymite. 

Does not yield sensible quantity of water. Nephelinite, 

The rock effervesces much with acids. 196. 
Effervescence is not abundant. 199. 

It contains a green mineral. 
Does not. 197. 

Mica is easily distinguished. 
No Mica to be seen. 198. 



Ophicalcitem 
Cipollino. 



It contains talc. 

It contains hornblende. 

It contains quartz. 200. 
Contains no quartz. 206. 

The structure is schistose. 201. 
It is granular. 204. 

Mica is one of the essential elements. 202. 
Talc is one of the essential elements. 203. 



Ophioaldte or Talc Schist, 
Hemitrene, 



The rock laminsQ are porphyritic. 
Are not i)orphyritic. 



Porphyritic Mica Schist, 
Mica Schist proper. 



The rock laminaa have a porphyritic structure. Porphyritic Tal- 
cose Schist, 
Are not ])orphyritic. Talcose Schist, 



The rock contains a brilliant black mineral. 
Contains no black mineral. 205. 

Mica is an essential element. 
Is not. 



Schorl Bock. 



Greisen, 
GranuUte, 



♦Euphotide with Talc, 
t Caloite, Mica, Epidote. 
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2C6 
207 



210 
211 



213 



217 
218 
219 
220 



222 
223 



Mica is au essential element. 207. 
Is not. 211. 

The rock is schistose. 208. 
Is not. 209. 



orto J The layers have a porphyritic stractnre. PorphyriHe Gneiss, 
^ Have not. Common Gneiss. 

One mineral other than mica is gray and rough. Micaceovs 
209 i Trachyte. 

This mineral has not these properties. 210. 



The mica is brown. Mineite. 

The mica is not brown. Kersanton. 

The rock coDtains talc. 212. 
Contains no talc. 214. 



^^n } The structure is schistoidaL Dolerine* Schist. 

^^^ ) Is not schistoid. 213. 



It is granular. Granular Dolerine. 

It is porphyroidal. Porphyroidal Dolerine. 



n|4 ^ The rock contains amphibole in sensible quantity. 215. 
Contaius no amphibole. 221. 

Mn S It has a trachytic aspect. 216. 
^ Aspect is not trachytic. 217. 

The mineral other than amphibole is attacked by acids. Horn- 

216 i blende Andesite. 

This mineral not attacked by acids. Hornblethde Trachyte, 



The mineral other than hornblende is orthoclase. 218. 
It is not orthoclase. 219. 

The rock is granular. Granular Syenite. 

It is porphyritic. Porphyritic Syenite. 

The rock is schistose. Diorite Schist. 
Is not. 220. 

The rock is granular. Granular Diorite. 

It is porphyritic. Porphyntio Syenite, 



221 5 ^^ le^t one of the minerals is green or yellow. 222. 
Neither of them is green or yellow. 225. 



The other mineral is black with a metallic lustre. Dunite, 

It is neither black nor metallic. 223. 

It is red or reddish. Bclogite, 

Neither red oor reddish. 224. 



*A form of Talc Schist containing Chlorite. 
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224 5 ^^ ^^ orthoclaae recognized by its cleavage. Didbasite, 

^ Is not orthoclase. Eapbotide. 



225 



The rock is a mixture of a white and a black mineral. 226. 
It is a mixture of a white and a brown mi!neral. 227. 



2g« 1 Its structure is granular. Granular Dolerite, 

^ It is scoriaceous. Scoriaceous Dolerite, 

o»7 J The brown mineral is diallage ; infusible. Granifone, 

^ It is hyperstheno, fusible to a gray enamel. Hyperite, 

The rock is composed of fragments united by a cement. 229. 
228 { The rock is composed of fragments cohering without cement. 
283. 

QQQ 5 The fragments are crystals. 230. 
'^^ ^ They are spheroidal. 264. 



230 
231 
232 



235 
236 



240 



The rock is of a schistoidal character. 231. 
Is not. 240. 

It contains mica. 232. 
Contains no mica. 235. 

Mica is the dominant element. ForphyriHo Mica SchisL 

Is not. 233. 



( Close examination of the cement proves that it is formed of 

233 < crystals. Porphyritio Gneiss. 
( Is not composed of crystals. 234. 

234 J The cemented fragments will scratch glass. Ottr elite- Schist, 
^^ ^ Cannot scratch glass. Mica-Schist, 

The rock contains quartz. Quartz-Porphyry Schist, 

Does not. 236. 

It is green and unctuous. PorphyriOo Talo-Schist, 

It is not green. 237. 



237 J The disseminated mineral is white. Porphyritio Clay-Schist, 
This mineral is deep colored. 238. 

2QQ ^ The mineral appears in crystals forming crosses. Staurolite^ 
^ Does not so appear. 239. 

The mineral is in prisms having an -f- formed cross-section. 

239 ^ Macliferous Schist. 

Is not of this character. Andalusiie Schist, 



It effervesces with acids. 241. 
Does not. 242. 



QA-t J It contains mica. Potphyritic Cipollino or Micalcite, 

Does not. Porphyritic JECemiirene, 
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242 
243 

244 

245 
246 
247 
248 
249 
250 

251 

252 
253 

254 

255 
256 

257 

258 
259 



The look oontams mioa or talc. 243. 
Does not. 245. 

The paste or cement is longh. 
Is not rough. 244. 



Mioaoeaus Drachyte, 



{ 



The foliated mineral is green and nnotaons (Talc). Porphy- 

ritio Protogine, 
Is not. Porphyriiic Granite, 

The rock contains quartz. 246. 
Does not. 249. 

The disseminated grains are quartz. 
They are not quartz., 247. 

The cementing material feels rough. 
Is not rough. 

Ithecomcs partially soluble by calcination. Porphyritio Alunite, 
Does not become soluble. Quartgs}ferou8 Porphyry, 

The matrix has a vitreous aspect. 250. 
Has not. 251. 

The fracture is oonchoidal. 
Is not. 



Graphic Pegmatite, 
Quartz Trachyte, 



Por, Obsidian, 
Par, Betinite, 



{ 



The matrix becomes partially soluble by calcination. Por, 

Alunite, 
Does not. 252. 



Por, Clay Schist, 
Serpentine Breoda, 



{ 
( 



It gives reactions for alumina. 
Does not. 253. 

The paste or matrix is infasible. 
It is fusible. 254. 

The paste fuses to a black enameL 255. 
It fuses to a white enamel. 259. 

It is of au ash-gray color. 256. 
Is not. 258. 

It has an argillaceous appearance. 
Aspect is not argillaceous. 257. 

The contained minerals reduce to a gelatinous mass in H CL 

Pior, Nephelinite, 
Does not. Por, Amphigenite, 

The cemented materials form a jelly in HCl. Basalt with 

Peridot, 
Do not. Melaphyre, 



Wackeor Wackite, 



The cemented mineral is pyroxene. 
Is not pyroxene. 260. 



Por, Dolerite, 
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260 
2G1 
262 

263 

264 
265 
266 
267 
268 
269 
270 
271 
272 

273 

274 

275 

276 



It is hornblende. 261. 
Is not. 262. 

The matrix is orthoclase. 
Is not orthoclase. 



Par, Syenite. 
Far. Diorite. 



The matrix or cement is rough to the tonch. Par, Trachyte, 
Is not rough. 263. 

The cemented mineral yields water in the closed tube. Par,^ 

Leucastite (Ferliic)' 
Does not. 264. 



The paste has an argillaceous aspect. 
Has not. 

The paste effervesces with acids. 266. 
Does not. 268. 

The contained mineral is green. 
Is not green. 267. 

Talc may bo distinguished. 
Talc not recognized. 

Mica is an essential element. 
Is not. 269. 

The rock is clearly schistose. 270. 
Is not. 271. 



Porphyrite Wo^ke, 
Porphyrite, 



Nodular Ophicalcite, 



Nodular CipolUna, 
Nodular Limestone, 

Nodular Mico/ScMeU 



It is of a gi'ecnish color. 
Is not. 



Amygdaloid Talcaae-Schiet 
Nodular J ArgUlaceotia Schist, 



The paste presents an argillaceous aspect. 272. 
Does not. 275. 



It is infusible. 
It is fusible. 273. 

Fuses to a ma^etic massi 274. 
Product of fusLon is not magnetic. 

The powder of the paste is red. 
The powder of the paste is yellow. 



Glohuliferous Bauxite, 



Amygdaloid Wackite, 

Oolitic Hematite, 
Oolitic Limanite, 



The rock is fusible to a white enamel. 276. 
Fuses to a black enamel. 279. 

The lustre is vitreous. 277. 
Lustre is not vitreous. 278. 



277 



It presents a conchoidal fracture. 
Fracture is not conchoidaL 



Qlal), Obsidian, 
Glob. Perlite. 



278 



280 
281 



283 



287 
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The rock contains qnartz. Pyromeride. 

Contains no quartz. SUgmite (Hetinite). 



The nodules have the same aspect as the paste. Orhicalar 

279 { JHorite. 

Have a different aspect. 280. 



290 



29*2 



The rock is greenish. Variolite. 

Is not. 281. 

The paste is quite hlack. Amygdaloid Basalt, 

Is not. 282. 



ojio 5 Pyroxene crystals may be distinguished. Amygdaloid Diorite. 
I Not recognized. Spilite. 



The rock has an arenaceous structure. 284. 
It is a breccia or pudding stone. 296. 



og^ J Two minerals only may bo recognized, one being qnartz. 287. 
\ More than two minerals arc recognized. 285. 

Age ^ Fragments of slates and schists are seen. Polygenic Sandstone, 
^^ I Such fragments not seen. 286. 

Grains occur which are hard, white, and fusible. Micaceous 

286 <^ Arkose, 

No hard grains which are fusible. Mica^seous Psammite, 



The rock effervesces with acids. 288. 
Does not effervesce. 289. 



Dissolved in acid, the rock leaves a residue of quartz only. 

288 ^ Calcareous Sandstone. 

The residue after solution contains clay. Molasse. 

OQQ S The rock is magnetic. 290. 
"^ ) Is not. 291. 



It is schistose. Emery Schist. 

It is granular. Granular Emery. 



AQi S The rock contains grains which fuse to a magnetic bead. 292, 
I Contains no such grains. 293. 



The rock is a schist. Itahirite Schist, 

It is granular. Granular Itdbirite, 



The grains (not quartz) are quite hard and fuse to a white bead. 

293 i Arkose. 
These grains are not hard. 294. 

They are quite white and friable. Metaante (an argillaceooa 

294 ^ sandstone.) 
Are not. 295. 
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295 
296 
297 
298 
299 
300 
301 

302 

303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 



The rock is mostly of quartz ^ains ; some mica. Paammite, 
Qaartz grains with small particles of slate. Traumate, 

The fipagments are of more than two kinds. 297. 
Only two kinds at most. 298. 



The fragments are angular. 
They are rounded. 

The rock effervesces with acids. 299. 
Does not. 305. 

The rock contains a green material. 300. 
Does not. 301. 



Breccia. 
Puddingstone. 



The rock is crystalline. 
It is compact. 

It contains talc. 
Does not. 302. 



Ophicalcite Breccia. 
Albereze (Ruin Marble). 

Cipollino or Ophicalcite, 



Dissolves in dilute acid, leaving an abundant earthy residue. 

304. 
Residue not abundant. 303. 



Fragments are angular. 
Fragments are rounded. 

The residue is infusible. 
The residue is fusible. 

It gives magnesia reactions. 306. 
Does not. 307. 

Heated in tube yields water. 
Yields no water. 

After calcination is soluble in water. 
Is not. 308. 



Calcareous Breccia, 
Cal. Ptiddingstone, 

Albereze (See 300). 
Slaty Limestone. 



Serpentine Breccia, 
LherzoUte Breccia, 



Alwnite Breoda, 



The rock is infusible before the blow-pipe. 309. 
It is fusible. 312. 



It is translucent at thin edges. 310. 
It is opaque even at thin edges. 311. 

The fragments are angular. 
The fragments are rounded. 

The fragments are angular. 
The fragments are rounded. 

The product of fusion is magnetic. 
Is not. 313. 



Quartz Breccia, 
Quartz Puddingstone. 

Jasper Breccia. 
Jasper Puddingstone. 

Limonite Breccia, 



The rock heated on charcoal gives a sulphurous odor. Anhydrite, 
Does not. 314. 
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Qi 4 ^ The product of fusion is black. 315. 
The product of fusion is white. 317. 

315 i 3ome fragments are quite hard and black. 316. 

Most of the fragments are soft and brownish. Peperino, 

All the fragments are black. Biualt Canglamerate, 

Some are bottle-green or reddish. Basalt with PeridoU 



316 



017 5 '^^^ fragments are rough to the touch. 318. 
^ Are not rough. 319. 



318 
319 



They are very light. Pumice Conglomerate, 

Are not. Tmchyte Conglomerate, 

The rock is vitreous. Obsidian Conglomerate, 

It is not vitreous. Porphyry Breccia, 
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Clarke's Qnincy Bridge. 

4to. Cloth. 97.60. 

Pescbiftion of the Iron Railway. Bridge across the liGssisrippi 
JUver At Quincy, Illinois. By Thomas Curtis Clarke, Chief Engineer 
With tireni^-one lithographed plana. 
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WTiipple on Bridge BuUding. 

New edition. 8vo. Illustiated. Cloth. $4. 

A:f Elementary and Practical Treatise on Bridge Builduto. 
By S. Whipple, C. E. 

Roebling's Bridges. 

Imperial folio. Cloth. $26.0a 
Long and Short Span Railway Bridges. By John A. Boebling, 
C. E. With large copperplate engravings of plans and views. 

Dubois' QrapMcal Statics. 

Svo. 60 niostiations. doth. IS.OO. 
The New Method of Graphical Statics. By A. J. Dabois, C. B.t 
Fh.D. 

Eddy's GrapMcal Statics. 

8vo. Illustrated. Cloth. |1.50. 

New Constructions in Graphical Statics. By Prof. Henry T. 
Eddy, 0. E., Ph. D. With ten engravings in text and nine 
folding plates. 

Bo^v on Bracing. 

166 DlogtrationB on Stone. Svo. Cloth. $1.6a 

A Treatise on Bracing, — ^with its application to Bridges and othet 
Stmctores of Wood or Iron. By Robert Henry Bow, C. £. 

Stoney on Strains. 

New and Revised Edition, with numeions iUnstiations. Royal Svo, 664 pp. 

Cloth. $12.60. 

The Theory of Strains in Girders — and Similar Stmctores, with 
Observations on the Application of Theory to Practice, and Tables of 
Strength and other Properties of Materials. By Bindon B. Stoney, 
B. A. 

Henrici's Skeleton Structures. 

8va Goth. $1.6a 

Skeleton Structures, especially in their Application to the building 
of Steal and Iron Bridges. By Olaus Hkkuici. 
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Burgli's Modern Marine Engineering. 

One thick 4to vol. Qoth. $25.00. Half morocco. $30.00. 
Modern Marine Engineering, applied to Paddle and Screw Propul* 
sion. Consisting of 36 Colored Plates, 259 Practical Wood-cut Illus- 
trations, and 403 pages of Descriptive Matter, the whole being an ex- 
position of the present practice of the following firms : Messrs. J. Fenn 
& Sons ; Messrs. Maudslay, Sons & Field ; Messrs. James Watt & Co. ; 
Messrs. J. & G. Rennie ; Messrs. R. Napier & Sons ; Messrs. J. & W. 
Dudgeon ; Messrs. Ravenhill & Hodgson ; Messrs. Humphreys & Ten- 
ant ; Mr. J. T. Spencer, and Messrs. Forrester & Co. By N. P. Bubghi 
Engineer. 

King's Notes on Steam. 

Nineteenth Edition. 8vo. $2.0a 
Lessons and Practical Notes on Steam, — the Steam Engine, Propel- 
lers, &c., &c., for Young Engineers. By the late W. R. Kino, U, S. N. 
Revised by Chief-Engineer J. W. King, U. S. Navy. 



Link and Valve Motions, by W. S. 

Aucliincloss. 

Sixth Edition. Svo. Cloth. $3.00. 
Application of the Slide Valve and Link Motion to Stationary, 
Portable, Locomotive and Marine Engines. By William S. Auchin- 
CLOSS. Designed as a hand-book for Mechanical Engineers. Dimen- 
sions of the valve are found by means of a Printed Scale, and propor- 
tions of the link determined without the assistance of a modeL With 
37 wood-cuts and 21 lithographic plates, with copperplate engraving o^ 
^e Travel Scale. 



Bacon's Steam-Engine Indicator. 

12mo. Cloth. $1.00 Mor. $1.60. 

A Treatise on the Richards Steam-Engine Indicator, — ^with 
directions for its use. By Charles T. Porter. Revised, with not«a 
and large additions as developed by American Practice, with an Ap- 
pendix containing useful formulse and rules for Engineers. By F. W* 
Bacon, M. E., Illustrated. Second Edition. 



Islier-wood's Engineering Precedents. 

Two Vols, in One. 8vo. aoth. $2.50. 

Ei^GiNEEmNQ Precedents ¥0r Steam MACiinncRT. — ^ByB^F 
WOOD, Chief Engineer, U. S. "Nov^. ^VykVS\\]JBte^\asw^^ 
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Slide Valve by Eccentrics, by Prof. C W. Mao- 

Oord. 

4to. niastrated. Cloth, $3.00 

A Practical Treatise on the Slide Valve by Eccentrics, — 
examining by methods the action of the Eccentric upon the Slide 
Valve, and explaining the practical processes of laying out the movements, 
adapting the valve for its various duties in the steam-engine. For the 
use of Engineers, Draughtsmen, Machinists, and Students of valve 
motions in general. By C. W. MacCord, A. M., Professor of 
Mechanical Drawing, Stevens' Institute of Technology, Hoboken, N. J. 



Stillman's Steam-Engine Indicator. 

12mo. Clotb. $1.00 
The Steam-Engine Indicator, — and the Improved Manometer Steam 
and Vacuum Gauges ; their utility and application. By Paul Still* 
MAN. New edition. 



Porter's Steam-Engine Indicator. 

Third Edition. Revised and Enlarged. Svo. Blnstrated. Cloth. |l3.5a 
iV Treatise on the Richards Steam-Engine Indicator, — ^and the 
Development and Application of Force in the Steam-Engine. By 
Charles T. Porter. 



McCulIocli's Theory of Heat. 

8vo. Cloth. $8.50. 

A Treatise on the Mechanical Theory op Heat, and rw 
Applications to the Steam-Engine. By Prof. R S. McCuLLOOHy 
of the Washington and Lee University, Lexington, Va, 

Van Buren's Formulas. 

8vo. Cloth. $2.00. 

Investigations op Formulas, — ^for the Strength of the Iron parts ot 
Steam Machinery. By J. D. Van Buren, Jr., C. E, Illustrated. 



Stuart's Successful Engineer. 

ISmo. Boards. 60 cents. 

How TO Become a Successful Engineer. Being Hints to Yontni 
intending to adopt the Profession. By Bernard Stuart, Engineer 
Sixth Edition 
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Stuart's Naval Dry Docks. 

Twenty-four aDgmyingB on steeL Fourth edition, ^o. Cloth. $6.00. 

Thk Naval Dry Docks of the United States. By Chabxes B 
Stuabt, Engineer in Chief U. S. Navy. 



Ward's Steam for tlie Million. 

87a Cloth. $1.00. 

SfEAM FOB THE MILLION. A Popular Treatise on Steam and ita 
Application to the Useful Arts, especially to Navigation. By J. U. 
Ward, Ck>inmander U. S. Navy. 



Tunner on RoU-Turniiig. 

1 YoL 8yo. and 1 voL folio plates. $10.00. 
A Treatise on Roll-Turning for the Manufacture of Iron, 
by Peter Tunner. Translated by John B. Pearse, of the Penn« 
sylvania Steel Works. With numerous wood-cuts, 8vo., together with 
a folio atlas of 10 lithographed plates of Rolls, Measurements, &c. 



Gruner on Steel. 

8vo. Goth. $a50. 

The Manufacture of Steel. By M. L. Gruner ; translated from 
the French. By LeNox Smith, A.M., £.M. ; with an Appendix on 
the Bessemer Process in the United States, by the translator. Bliis- 
trated by lithographed drawings and wood-cuts. 



Barba on tlie Use of Steel. 

12ma Illustiated. Cloth. $1.5a 
Thb Use of Steel in Construction. Methods of Working, Apply- 
ing, and Testing Plates and Bars. By J. Barba, Chief Naval 
Constructor. Translated from the French, with a Preface, by A. I4 
Hollet, P.B. 

Bell on Iron Smelting. 

8vo. Cloth. $0.00. 

Chemical Phenomena of Iron SmkijTing. An experimental and 

practical examination of the circumstances which determine the 

capacity of the Blast Furnace, the Temperature of the Air, and the 

Proper Condition of the Materials to be operated upon. Bj 

L LowTHiAN Bell. 
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Tlie Useful Metals and tlieir Alloys ; Scoffreix, 

Truran, and otliers. 

Fifth Edition. 8vo. Half calf. $3.75. 

The Useful Metals and their Alloys, employed in the conver 
sion of Ikon, Copper, Tin, Zinc, Antimony, and Lead Ores, 
with their .applications to the Industrial Arts. By Joun Scor* 
FREK, William Truran, William Clay, Robert Oxland, 
William Faibbaiex, W. C. Aitkin, and William Vosb Pickett. 



Collins' Useful Alloys. 

18mo. Flexible. 50 ceuts. 

The Private Boor of Useful Alloys and Memoranda for Gold, 
smiths, Jewellers, etc. By James £. Collins. 



Joynson's Metal Used in Construction. 

12mo. Cloth. 75 cents. 

The Metals Used in Construction : Iron, Steel, Bessemer Metal, 
etc., etc. By Francis H. Joynson. Illustrated. 



Dodd's Dictionary of Manufactures, etc. 

12ino. Cloth. $1.50. 
Dictionary of Manufactures, Mining, Machinery, and ths 
Industrial Arts. By George Dodd. 

Von Cotta's Ore Deposits. 

8vo. Cloth. $4.00. 

Treatise on Ore Deposits. By Bernhard Yon Cotta, Professor 
of Geology in the Royal School of Mines, Freidburg, Saxony. Trans- 
lated from the second German tdition, by Frederick Prime, Jr., 
Mining Engineer, and revised by the author ; with numerous illua* 
tratlons. 

Plattner's Blo^wr-Pipe Analysis. 

Third Edition. Revised. 668 pages. 8vo. aoth. $5.00. 

Plattner's Manual of Qualitative and Quantitative Analy- 
sts WITH THE Blow-Pipe. From the last German edition, Revised 
and enlarged* By Prof. Th. Richter, of the Royal Saxon Mining 
Academy. Translated by Professor H, B. Cornwall; assisted by 
Jonx II. Caswe. L. With eighty-seven wood-cuts and 
llate. 
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Plympton's Blo^w^-Pipe Analysis. 

12mo. Goth. $lJiO, 
Th« Blow-Pipe: A Guide to its Use in the Determination of Saltt 
and Minerals. Compiled from various sources, by George W, 
Plympton, C.E., A.M., Professor of Physical Science in the Polytech- 
nic Institute, Brooklyn, X. Y. 



Pynchon's Olieinical Pliysics. 

New Edition. Revised and enlarged. Crown 8ya Cloth. $3.00. 
Introduction to Chemical Physics ; Designed for the Use of 
Academies, Colleges, and High Schools. Illustrated with numerous 
engravings, and containing copious experiments, with directions for 
preparing them. By Thomas Ruggles Pynchon, M.A., President 
of Trinity College, Hartford. 



Eliot and Storer's Qualitative Clieinical 

Analysis. 

New Edition. Revised. 12mo. Hlostrated. Cloth. $1.50. 

A Compendious Manual of Qualitative Chemical Analysis. 

By Charles W. Eliot and Frank H. Storer. Revised, with 

the cooperation of the Authors, by William Ripley Nichols, 

Professor of Chemistry in the Massachusetts Institute of Technology. 



Rammelsberg's Chemical Analysis. 

8vo. Cloth. $2.25. 
Guide to a Course op Quantitative Chemical Analysis, 
Especially of Minerals and Furnace Products. Illustrated 
by Examples. By C. F. Rammelsberg. Translated by J. Towler, 
M.D. 



Naqnet's Legal Cliemistry. 

Illustrated. 12ino. Qoth. $2.00. 
Legal Chemistry. A Guide to the Detection of Poisons, Falsificap 
tion of Writings, Adulteration of Alimentary and Pharmaceutical 
Substances; Analysis of Ashes, and Examination of Hair, Coins, 
Fire-arms, and Stains, as Applied to Chemical Jurisprudence. For 
the Use of Chemists, Physicians, Lawyers , Pharmacists, and Experts. 
Translated, with additions, including a List of Books and Memoirs 
on Toxicology, etc., from the French of A. Naquet. By J. P. 
Battershall, Ph. D., with a Preface by C. F. Chandler, Ph. D., 
MJ)., LLJ) 



D. VAN NOSTRAND. 



Presoott's Proximate Organic Analysis. 

12mo. Cloth. $1.75. 

Outlines op Proximate Organic Analysis, for the Identification, 
Separation, and Quantitative Determination of the more commonly 
occurring Organic Compounds. By Albert B. Prkscott, Professor 
of Organic and Applied Chemistry in the University of Michigan. 

Prescott's Alcoholic Liquors. 

12mo. Cloth. $1.5a 
Chemical Examination op Alcoholic Liquors. — A Manual of the 
Constituents of the Distilled Spirits and Fermented Liquors of Com- 
merce, and their Qualitative and Quantitative Determinations. By 
Albert B. Prescott, Professor of Organic and Applied Chemistry 
in the University of Michigan. 



Pope's Modern Practice of tlie Electric 

Telegraph.. 

Ninth Edition. 8vo. aoth. $2.00. 

A Hand-book for Electricians and Operators. By Frank L. Pops 
Ninth edition. Revised and enlarged, and fully illustrated. 



Sabine's History of €he Telegraph.. 

Second Edition. 12mo. Cloth. $1.25. 

ITiSTORY AND PROGRESS OP THE Electric TELEGRAPH, With De- 
scriptions of some of the Apparatus. By Robert Sabine, C.E. 



Haskins' Gralvanometer. 

Pocket form, niastrated. Morocco tacks. $2.00. 

The Galvanometer, and its Uses; — A Manual for Electriciang 
and Students. By C. H. Haskins. 



Prescott and Douglas's Qualitative Chemi- 
cal Analysis. 

Second Edition. Revised. 8vo. Goth. $3.50. 
A Guide in the Practical Study of Chemistry and in the Work of Analysis. 

I^arrabee's Secret Letter and Telegraph. 

18mo. Cloth. $1.0a 

CiPHSB AND Secret Letter and Telegraphic Code, Tvith Hogg*i 
Improyements. By C. S. Larrabee. 
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Gillmore's Limes and Cemeiits. 

Fifth Edition. Revised and Enlarged. 8vo. Cloth. $4.00. 

Practical Treatise on Limes, Hydraulic Cements, and Mor 
TARS. By Q. A. Gillmore, Lt.-CoL U. S. Corps of Engineers: 
Brevet Major-Greneral U. S. Army. 



Grillmore's Coignet 'Baton. 

Nme Plates, Views, etc. 8va Cloth. $2.50. 

Coignet Beton and Other Artificial Stone. — ^By Q. A. Gill< 
more, Lt.-CoL U. S. Corps of Engineers, Brevet Major-Greneral U.S. 
Army. 

•Gillmore on Roads. 

Seventy Dlnstrations. 12mo. Qoth. $2.00. 

A Practical Treatise on the Construction of Roads, Streets, 
AND Pavements. By Q. A. Gillmore, Lt.-Col. U. S. Corps of 
Engineers, Brevet Major-General U. S. Army. 



Gillmore's Building Stones. 

8vo. Quth. $1.00. 

Report on Strength of the Building Stones in thv United 
States, etc. 

Holley's Railway Practice. 

1 vol. folio. Cloth. $12.00. 

American and European Railway Practice, in the EccnoiMical 
Generation of Steam, including the materials and construntion of 
Coal-buming Boilers, Combustion, the Variable Blast, Vaporization, 
Circulation, Super-beating, Supplying and Heating Feed-water, &c., 
and the adaptation of Wood and Coke-buming Engines to Coal- 
burning ; and in Permanent Way, including Road-bed, Sleepers, 
Rails, Joint Fastenings, Street Railways, etc., etc. By Alexander 
L. HoLLEY, B.P. With 77 lithographed plates. 

Useful Information for Railway Men. 

Pocket form. Morocco, gilt. $2.00. 

Compiled by W. G. Hamilton, Engineer. New Edition, Reriied 
And Enlarged. 577 
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Stuart's Civil and Military engineers of 

America. 

8vo. Illustrated. Cloth. $5.00. 
The Civil and Military Engineers of America. By Greneral 
Charles B. Stuart, Author of ** Naval Dry Docks of the United 
States," etc, etc. Embellished with niue fiuely-executed Portraits 
on steel of eminent Engineers, and illustrated by Engravings of some 
of the most important and original works constructed in America. 



Ernst's Manual of Military Engineering. 

193 Wood-cuts and 8 Lithogiaphed Plates. 12mo. Cloth. $6.00 
A Manual of Practical Military Engineering. Prepared for 
the use of the Cadets of the U. S. Military Academy, and for Engineer 
Troops. By Capt. O. H. Ernst, Corps of Engineers, Instructor ia 
Practioal Military Engineering, U. S. Military Academy. 

Simms' Levelling. 

12mo. Cloth. $S.5a 

A Treatise on the Principles and Practice of Levellincf, 
showing its appHcation to purposes of Railway Engineering and the 
Construction of Roads, etc. By Frederick W. Simms, C.E. From 
the fifth London edition « Revised andlllorrected, with the addition of 
Mr. Law's Practical Examples for Setting-out Railway Curves. 
Illustrated with three lithographic plates and numerous wood-cuts. 



Jeffers' Nautical Surveying. 

mnstrated with 9 Copperplates and 31 Wood-cut DlostratioDs. 8vo. Cloth. $ft.Oa 
Nautical Surybying. By William N. Jeffers, Captain U. S. 
Navy. 

Text-book of Surveying. 

8vo. 9 Lithograph Plates and several Wood-cuts. Cloth. $2.00. 

A Text-book on Surveying, Projections, and Portable Instruments, 
for the use of the Cadet Midshipmen, at the U. S. Naval Academy. 

The Plane Table. 

8vo. Cloth. $2.00. 

Iw Uses nc Topographical Subykyiko. From the papeis of fht 
U. S. Coast Survesy. ^ 
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Gillmore's Limes and Cemeiits. 

Fifth Edition. Revised and Enlaiged. 8vo. Cloth. $4.00. 

Practical Treatise on Limes, Hydraulic Cements, and Mor 
TARS. By Q. A. GiLLMORE, Lt.-CoL U. S. Corps of Engineers: 
Brevet Major-Greneral U. S. Army. 



Gillmore's Coignet 'Beton. 

Nine Plates, Views, etc. 8vo. Cloth. $2.50. 

CoiGNET Beton and Other Artificial Stone. — By Q. A. Gill< 
MORE, Lt.-CoL U. S. Corps of Engineers, Brevet Major-Greneral U.S. 
Army. 

•Gillmore on Roads. 

Seventy Dlostrations. 12mo. Qoth. $2.00. 

A Practical Treatise on the Construction of Roads, Streets, 
AND Pavements. By Q. A. Gillmore, Lt.-CoL U. S. Corps of 
Engineers, Brevet Major-General U. S. Army. 



Gill m ore's Building Stones. 

8vo. Quth. $1.00. 

Report on Strength of the Building Stones in thv United 
States, etc. 

Holley's Railway Practice. 

1 vol. folio. Cloth. $12.00. 

American and European Railway Practice, in the Eccnoi«ical 
Generation of Steam, including the materials and construntion of 
Coal-burning Boilers, Combustion, the Variable Blast, Vaporization, 
Circulation, Super-beating, Supplying and Heating Feed-water, &c. , 
and the adaptation of Wood and Coke-burning Engines to Coal- 
burning ; and in Permanent Way, including Road-bed, Sleepers, 
Rails, Joint Fastenings, Street Railways, etc., etc. By Alexander 
L. HoLLEY, B.P. With 77 lithographed plates. 



Useful Information for Railway Men. 

Pocket form. Morocco, gilt. $2.00. 

Compiled by W. G. Hamilton, Engineer. New Edition, ReriMCl 
snd Enlarged. 577 pages. 
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Stuart's Civil and Military Engineers of 

America. 

8vo. niostrated. Cloth. $5.00. 
The Civil and Military Engineers of America. By General 
Charles fi. Stuart, Author of ** Naval Dry Docks of the United 
States," etc, etc. Embellished with nine finely-executed Portraits 
on steel of eminent Engineers, and illustrated by Engravings of some 
of the most important and original works constructed in America. 

Ernst's Manual of Military Engineering. 

193 Wood-cuts and 8 Lithographed Plates. 12mo. Cloth. $6.00 
X Manual of Practical Military Engineerinq. Prepared for 
the use of the Cadets of the U. S. Military Academy, and for Engineer 
Troops. By Capt. O. H. Ernst, Corps of Engineers, Instructor ia 
PractiQal Military Engineering, U. S. Military Academy. 

Simms' Levelling. 

12mo. Cloth. $S.5a 

A Treatise on the Principles and Practice of Leyellincf, 
showing its appHcation to purposes of Railway Engineering and the 
Construction of Roads, etc. By Frederick W. Simms, C.E. From 
the fifth London edition, Revised and Corrected, with the addition of 
Mr. Law's Practical Examples for Setting-out Railway Curves. 
Illustrated with three lithographic plates and numerous wood-cuts. 



Jeffers' Nautical Surveying. 

Dliutrated with 9 Copperplates and 31 Wood-cat DlostratioDs. 8vo. Cloth. Z&SXk 

Nautical Surveying. By William N. Jeffers, Captain U. S. 
Navy. 

Text-book of Surveying. 

8vo. 9 Lithograph Plates and several Wood-cuts. Cloth. $2.00. 

A Text-book on Surveying, Projections, and Portable Instruments, 
for the use of the Cadet Midshipmen, at the U. S. Naval Academy. 

The Plane Table. 

8vo. Cloth. $2.00. 

Its Uses nc Topographical Subvkyiko. From the papen d fht 
U. S. Coast Suryej. 
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Cliauveiiet's Lunar Distances. 

8ya Cloth. $2.0a 

Nbw Mrthod of Correctinq Lunar Distances, and Improved 
Method of Finding the Error and Rate of a Chronometer, by equal 
altitudes. By Wm. Chauvenet, LL.D., Chancellor of Washington 
University of St. Louis. 

Burt's Key to Solar Compass. 

Second Edition. Pocket-book form. Tack. $2.50. 

Key to the Solar Compass, and Surveyor's Companion ; comprising 
all the Rules necessary for use in the Field ; also Description of the 
Linear Surveys and Public Land System of the United States, Notes 
on the Barometer, Suggestions for an Outfit for a Survey of Four 
Months, etc. By W. A. Burt, U. S. Deputy Surveyor. 

Howard's Eartliw^ork Mensuration. 

8vo. Dlostrated. Cloth. $1.50. 

Earthwork Mensuration on the Basis of the Prismoidal 
FoRMULiE. Containing simple and labor-saving method of obtaining 
Prismoidal Contents directly from End Areas. Illustrated by 
Examples, and accompanied by Plain Rules for practical uses. By 
CoNWAT R. Howard, Civil Engineer, Richmond, Va. 



kMorris' Easy Rules. 

78 Illustrations. 8vo. Cloth. $1.50. 
East Rules for the Measurement of Earthworks, by means of 
the Prismoidal Formula. By Elwood Morris, Civil Engineer. 

Clevenger's Surveying. 

niastrated Pocket Form. Morocco, gilt. $2.50. 
A Treatise on the Method of Government Surveying, as 
prescribed by the U. S. Congress and Commissioner of the General 
Land Office. With complete Mathematical, Astronomical, and Prac- 
tical Instructions for the use of the U. S. Surveyors in the Field, and 
Students who contemplate engaging in the business of Public Land 
Surveying. By S. V. Clevenger, U. S. Deputy Surveyor. 

Hewson on Embankments. 

8vo. Qoth. $2.00. 

Principles and Practice of Embanking Lands from Kivei 
Floods, as applied to the Levees of the Mississippi. By yfitJAJ^u 
Hewsox, Civil En^peer. 
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Minifie's Mechanical Dra^v^ing. 

Ninth Edition. Boyal Svo. Qoth. $4.00. 

A. Text-Book of Geometrical Drawing, for the use of Mecbanica 
and Schools. With illustrations for Drawing Plans, Sections, and 
Elevations of Buildings and Machinery ; an Introduction to Isometri- 
cal Drawing, and an Essay on Linear Perspective and Shadows. 
With over 200 diagrams on steeL By William Minifib, Architect.* 
With an Appendix on the Theory and Application of Colors. 



Minifie's Geometrical Drawing. 

New Edition. Enlarged. 12mo. Cloth. $2.00 

Geometrical Drawing. Abridged from the octavo edition, for the 
use of Schools. Illustrated with 48 steel plates. 



Free Hand Dra^wing. 

Profusely Illustrated. 18mo. Boards. 50 cents. 

A Guide to Ornamental, Figure, and Landscape Drawing. By an 
Art Student. 



Th.e Meclianic's Friend. 

12mo. Cloth. 300 Dlnstrations. $1.50. 
The Mechanic's Friend. A Collection of Receipts and Practical 
Suggestions, relating to Aquaria — Bronzing — Cements — Drawing- 
Dyes — Electricity — Gilding — Gl ass-working — Glues — Horology — Lac- 
quers — Locomotives — ^Magnetism — ^Metal- working — Modelling — Pho- 
tography — ^Pyrotechny — Railways — Solders — Steam-Engine — Tele- 
graphy — Taxidermy — Varnishes — Waterproofing — and Miscellaneous 
Tools, Instruments, Machines, and Processes connected with the 
Chemical and Mechanical Arts. By William E. Axon, M.R.S.L. 



Harrison's Mechanic's Tool-Book. 

M niostrations. 12mo. Cloth. $1.50. 

MEcnAj<7TCs' Tool Book, with Practical Rules and Suggestions, for the 
use of Machinists, L*on Workers, and others. By W. B. Harrison. 



Randall's Quartz Operator's Hand-Book. 

12mo. Cloth. $2.00. 

Quabtz Operator's Hand-Book. Sy P. M. Randall. N«V 
fiUI^S^ Revised and Enlarged^ {"uUy illustrated 
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Joynson on MacMiie Gearing. 

8vo. Qoth. $2.00. 

The Mechanic's and Student's Guide in the designing and Con* 
struction of General Machine Gearing, as Eccentrics, Screws, Toothed 
Wheels, etc., and the Drawing of Rectilineal and Curved Surfaces. 

Edited by Fbancis H. Joynson. With 13 folded plates. 

■ - 

Silversmitli's Hand-Book. 

Fourth Edition. llluBttated. 12mo. Cloth. $3.00. 

A Practical Uand-Book for Miners, Metallurgists, and Assayers. 
By Julius Silversmith. Illustrated. 

Barnes' Submarine Warfare. 

8vo. Cloth. $5.00. 

Submarine Warfare, Defensive and Offensive. Descriptions 
of the various forms of Torpedoes, Submarine Batteries and Torpedo 
Boats actually used in War. Methods of Ignition by Machinery, 
Contact Fuzes, and Electricity, and a full account of experiments 
made to determine the Explosive Force of Gunpowder under Water. 
Also a discussion of the Offensive Torpedo system, its effect npon 
Iron-clad Ship systems, and influence upon future Naval Wars. By 
Lieut.-Com. John S. Barnes, U.S.N. With twenty lithographic 
plates and many wood-cuts. 

Foster's Submarine Blasting. 

4to. Cloth. $3.50. 
Submarine Blasting, in Boston Harbor, Massachusetts — ^Removal of 
Tower and Corwin Rocks. By John G. Foster, U. S. £ng. and 
Bvt Major-General U. S. Army. With seven plates. 

Mow^bray's Tri-Nitro-Grlycerine. 

8vo. Cloth, niustrated. $3.00 
Tri-Nitro-Gltcerine, as applied in the Hoosac Tunnel, and to Sab* 
marine Blasting, Torpedoes, Quarrying, etc. 

Williamson on the Barometer. 

4to. Cloth. $15.00. 

On the Use of the Barometer on Surveys and Reoonkax»* 

SANCES. Part I. — ^Meteorology in its Connection with Hypsometrj. 

Part n.— Barometric Hypsometry. By R. S. Willlamson, Bvt 

Lt'Coh U. S. A., Major Corps of Engineers. With lllustratiYe tablet 

and engravinga. 
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Williamsoii's Meteorological Tables. 

4to. Flexible aoth. $2.5a 

Practical Tables in Meteorology and Hypsometry^iii connection 
with the use of the Barometer. By Col. R. S. Williamson, U.S. A. 



Butler's Projectiles and Rifled Oaniioii. 

4to. 36 Plates. Qoth. $7.5a 

Projectiles and Rifled Cannon. A Critical Discussion of the 
Principal Systems of Rifling and Projectiles, with Practical Sugges* 
tions for their Improvement. By Capt John S. Butlbb, Ordnance 
Corps, U. S. A. 

Beii6t's Cliroiiosoope. 

Second Edition. Olnstiated. 4to. Cloth. $3.00. 

Electro-Ballistic Machines, and the Schultz Chronoscope. By 
Lt-CoL S. V. Bbn^t, Chief of Ordnance U. S. A. 



Micliaelis' Oliroiiograpli. 

4to. Illustrated. Cloth. $3.00. 

The Lb Bouleng^ Chronograph. With three lithographed folding 
plates of illustrations. By Bvt Captain O. E. Michaelis, Ordnance 
Corps, U. S. A. 

Nugent on Optics. 

12mo. Cloth. $1.60. 

Trbatise on Optics ; or. Light and Sight, theoretically and practically 
treated; with the application to Fine Art and Industrial Pursuits. 
By £. Nugent. With 103 illustrations. 



Peirce's Analytic Meclianics. 

4to. aoth. $10.00. 

System of Analytic Mechanics. By Benjamin Peircb, Pro« 
lessor of Astronomy and Mathematics in Harvard tJniyersity. 

Craig's Decimal System. 

Square 32mo. limp* 50c. 

Weights and Measures. An Account of the Decimal System, with 
Tables of Conversion for Commercial and Scientiflc Uses. By B. F« 
Craig, M.D. 
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Alexander's Dictionary of Weights and 

Measures. 

New Edition. 8vo. Cloth. $3.5a 

Universal Dictionary of Weights and Measures, Ancient and 
Modern, reduced to the standards of the United States of America. 
By J. H. Alexander. 

Elliot's European Light- Houses. 

61 Engravings and 21 Wood-cnts. 8vo. Cloth. $5.00. 
European Light- House Systems. Being a Report of a Tour ol 
Inspection made in 1873. By Major George H. Elliot, U. S. 
Engineers. 

S^weet's Report on Coal. 

With Maps. 8vo. Cloth. $3.00. 
Spkcial Report on Coal. By S. H. Sweet. 



Colburn's Gas Works of London. 

12mo. Boards. 60 cents. 
Gas Works op London. By Zerah Colburn. 

Walker's Scre^w Propulsion. 

8ya Cloth. 75 cents. 

Notes on Screw Propulsion, its Rise and History. By Capfc. W. H 
Walker, U. S. Navy. 

Pook on Shipbuilding. 

8vo. Cloth, ninstrated. $5.0a 
Method of Preparing the Lines and Draughting Vessels 
Propelled by Sail or Steam, including a Chapter on Laying-off 
on the Mould-loft Floor. By Samuel M. Pook, Naval Constructor. 

Saeltzer's Acoustics. 

12mo. aoth. $2.00. 
Treatise on Acoustics in connection with Ventilation. By Alex* 

ANDER SaELTZER. 



Eassie on Wood and its Uses. 

250 Illustrations. Svo. Cloth. $1.50. 

A Hand-book for the Use of Contractors, Builders, Architects, 
JJn^neers, Timber Merchants, etc., with information for drawing up 
Designs and Estimates, 
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Wanklyn's Milk Analysis. 

12mo. Cloth. $1.00. 

Milk Analysis. A Practical Treatise on the Examination of Milk, 
and its Derivatives, Cream, Butter, and Cheese. By J. Alfred 
Wa»klyn,M.R.C.S. 



Rice & Jolmsoii's Differential Functions. 

Paper,12 mo. 60 cents. 

On a New Method op Obtaining the Differentials op Func- 
tions, with especial reference to the Newtonian Conception of Rates 
or Velocities. By J. Minot Rice, Prof, of Mathematics, U. S. Navy, 
and W. WooLSET Johnson, Prof, of Mathematics, St. John's 
Ck)llege, Annapolis. 



Coffin's Navigation. 

Fifth Edition. 12mo. Cloth. $3.50. 



ITavigation and Nautical Astronomy. Prepared for the use of 
the U. S. Naval Academy. By J. H. C. Coffin, Professor of 
Astronomy, Navigation and Surveying ; with 52 wood-cut illustra- 
tions. 



Clark's Tlieoretical Navigation, 

8vo. Cloth. $3.0a 

Theoretical Navigation and Nautical Astronomy. By Lewis 
Clark, Lieut.-Conmiander, U. S. Navy. Illustrated with 41 wood- 
cuts, including the Vernier. 



Toner's Dictionary of Elevations. 

8vo. Paper, $3.00 Cloth, $3,75. 

Dictionary op Elevations and Climatic Register of the 
United States. Containing, in addition to Elevations, the Latitude, 
Mean Annual Temperature, and the total Annual Rain Fall of many 
Localities ; with a brief introduction on the Orographic and PhysicaJ 
Peculiarities of North America. By J. M. Toner, M.D. 
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V 



VAN NOSTRAND'S SCIENCE SERIES, 

It is the intention of the Publisher of this Series to issue them at 
intervals of about a mouth. They will be put up in a uniform, neat, 
and attractive form, 18mo, fancy boards. The subjects will be of an 
eminently scientific character, and embrace as wide a range of topics aa 
possible, all of the highest character. 

Price, 50 Cents Each. 

L Chimkets for Furnaces, Fire-places, and Steam Boilers. Bj 
B. Armstrong, C.£. 

n. Steam Boiler Explosions. By Zerau Colburn. 

HL Practical Designing of Retaining Walls. By Arthur Jacob, 
A.B. With Illustrations. 

lY. Proportions of Pins Used in Bridges. By Charles £. 
Bender, C.£. With Illustrations. 

V. Ventilation of Buildings. By W. F. Butler. With Illustrations. 

YI. On the Designing and Construction of Storage Reservoirs. 
By Arthur Jacob. With Illustrations. 

VlL Surcharged and Different Forms of Retaining Walls. 
By James S. Tate, C.E. 

Vni. A Treatise on the Compound Engine. By John Turnbull. 
With Illustrations. 

IX. Fuel. By C. William Siemb^^s, to which is appended the value of 
Artificial Fuels as Compared with Coal. By John Worm- 
ALD, C.E. 

X. Compound Engines. Translated from the French of A. Mallet. 

Illustrated. 

XI. Theory of Arches. By Prof. W. Allan, of the Washington and 
Lee College. Illustrated. 

Xn. A Practical Theory of Voussoir Arches. By William CAnit 
C.E Ji/u9trated. 
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Xin. A Pbactical Tbbatise on the Gases Met With dc Coal 
Mines. By the late J. J. Atkinson, Goyemment Inspector of 
Mines for the County of Durham, England. 

XIV. Fbiction of Air in Mines. By J. J. Atkinson, author of <* A 
Practical Treatise on the Gases met with in Coal Mines." 

XY. Skew Arches. By Prof. £. W. Htde, C.£. Illustrated witk 
numerous engravings and three folded plates. 

XVI. A Graphic Method for Solving Certain Algebraic Equa- 
tions. By ProL George L. Yosb. With Illustrations. 

XYII. Water and Water Supply. By Prof. W. H. Cobfield, 
M.A., of the University College, London. 

XYni. Sewerage and Sewage Utilization. By Prof. W. IL 
Corfield, M.A., of the University College, London. 

XIX. Strength of Beams Under Transverse Loads. By ProL 
W. Allan, author of " Theory of Arches." With Illustrations 

XX. Bridge and Tunnel Centres. By John B. McMastebs^ 
C.E. With Illustrations. 

XXL Safety Yalvks. By Richabd H. Buel, CE. With Illustra- 
tions. 

XXn. High Masonry Dams. By John B. McMasters, C.B. 

With Illustrations. 

XXm. The Fatigue of Metals under Repeated Strains, with 
various Tables of Results of Experiments. From the German of 
Prof. LuDWiG Spangenberg. With a Preface by S. H. Shreve, 
A.M. With Illustrations. 

XXI Y. A Practical Treatise on the Teeth of Wheels, with 
the theory of the use of Robinson's Odontograph. By S. W. Robin- 
son, Prof, of Mechanical Engineering, Ulinois Industriieil University. 

XXY. Theory and Calculations of Continuous Bridges. By 
Mansfield Merriman, C.E. With Illustrations. 

XXYI. Practical Tbbatise on the Pbopebtieb of Continuous 
Bridges. By Chables BendeiB) 0.K 
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XXVII. On Boilkr Incrustation and Corrosion. By J. F. Rowan. 

XXVIII. On Transmission op Power by Wire Rope. By Albert W. 
StahL 

XXIX Injectors : Their Theory and Use. Translated from the 
French of M. Leon Pouchet. 

XXX. Terrestrial Maonetish and the Magnetism op Iron Ships. 
By Professor Fairman Rogers. 

XXXI. The Sanitary Condition op Dwelling Houses in Town and 
Country. By (Jeorge E. Waring, Jr. 
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IN PRESS. 



Heatinpj and Ventilation in its Practical Ap- 
plication for the Use of Engineers and 
Architects. 

Embracing a Series of Tables and Formulae for dimensions for Heating 
Flow and Return Pipes, for Steam and Hot Water Boilers, Flues, etc., 
etc. By F. Schumann, C. E. 1 vol. 12mo. Illustrated, 



A Guide to the Determination of Rocks. 

Being an Introduction to Lithology. By Edward Jannettaz, Doctuer des 
Sciences. Translated from the French by Geo. W. Plympton, Profes- 
sor of Physical Science, Brooklyn Polytechnic Institute. 12mo. 



Shield's Treatise on Engineering 

Constrnction. 

12mo. Cloth. $1.50. 

Embracing Discussions of the Principles involved and Descriptions of the 
Material employed. 
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RECENT WORKS. 



Fanning's Water Supply Engineering. 

8vo. 650 pages. 180 Illustrations. Extra cloth. $6.00. 

A. Practical Treatise on Water Supply Engineering. Relating to 
the Hydrology, Hydrodynamics, and Practical Construction of Water 
Works, in North America. With numerous Tables and Illustrations. 
By J. T. Fanning, C. E. 

Clark's Complete Book of Reference for 
Meolianical Engineering. 

1012 pages. Svo. Cloth, $7.50. Half morocco. $10.00. 
A Manual op Rules, Tables and Data for Mechanical Engineers. 
Based oa the most recent investigations. By Daniel Kinnear Clark. 
Illustrated with numerous diagrams. 

Mott's Chemists Manual. 

650 pages. Svo. Cloth. $6.00. 
A Practical Treatise on Chemistry (Qualitative and Quantitative 
Analysis), Stoichiometry, Blowpipe Analysis, Mineralogy, Assaying, 
Pharmaceutical Preparations, Human Secretions, Specific Gravities, 
Weights and Measures, etc., etc., etc. By Henry A. Mott, Jr., E. M., 
Ph. D. 

Wey ranch, on Iron and Steel Constrnctions. 

12mo. Cloth. $1.00. 
Strength and Calculation op Dimensions op Iron and Steel Con- 
structions, with reference to the latest experiments. By J. J. Wey- 
rauch. Ph. D., Professor Polytechnic School of Stuttgart, with four 
folding plates. 

Osbnn's Beilsteins' Cliemical Analysis. 

12mo. Cloth. 75 cents. 

An Introduction to Chemical Qualitative Analysis. By F. Beil 
stein. Third edition, translated by I. J. Osbun. 

Davis and Rae's Hand Book of Electrical 

Diagrams. 

Oblong Svo. Extra cloth. $2.00. 
Hand Book of Electrical Diagrams and Connections. By Charles 
H. Davis and Frank B. Rae, Illustrated with 32 full page illustrationa. 
Second edition. 
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The University Series. 

No. 1. — On the Physical Basis op Life. By Prof. T. JBL Huxlet, 
LL.D., F.R. S. With au introduction by a Professor in Yale College. 
12mo, pp. 36. Paper cover, 25 cents. 

No. 2. — The Corelation op Vital and Physical Forces. By 
Prof. George F. Barker, M.D., of Tale College. 36 pp. Paper 
covers, 25 cents. 

No. 3. — As Regards Protoplasm, in relation to Prof. Huxley's 
Physical Basis of Life. By J. Hutchinson Stirung, F.R.C.S. 
72 pp., 25 cents. 

No. 4. — On the Hypothesis op Evolution, Physical and Meta- 
physicaL By Prof. Edward D. Cope. 12ino, 72 pp. Paper covers, 
25 cents. 

1^0. 5. — SciENTiPic Addresses: — 1. On the Methods and Tendencies 
of Physical Investigation. 2. On Haze and Dust 3. On the Scien- 
tific Use of the Imagination. By Prof. John Tyndall, F.R.S. 
12mo, 74 pp. Paper covers, 25 cents. Flex, cloth, 50 cents. 

No. 6. — ^Natural Selection as Applied to Man. By Alpred 
Russell Wallace. This pamphlet treats (1) of the Developemeut 
of Human Races under the Law of Selection; (2) the Limits of 
Natural Selection as applied to Man. 54 pp. 25 cents. 

No. 7. — Spectrum Analysis. Three Lectures by Profs. Roscoe, 
HuGGiNS and Lockyer. Finely Illustrated. 88 pp. Paper covers, 
25 cents. 

No. 8. — ^The Sun. A sketch of the present state of scientific opinion 
as regards this body. By Prof. C. A. Toung, Ph. D. of Dartmouth 
College. 58 pp. Paper covers, 25 cents. 

No. 9. — The Earth a Great Magnet. By A. M. Mayer, Ph. D., 

of Stevens' Institute. 72 pp. Paper covers, 25 cents. Flexible 
clot6, 50 cents. 

• 

No. 10. — ^Mysteries op the Voice and Ear. By Prof. O. N. Rood, 
Columbia College, New York. Beautifully Illustrated. 88 ppw 
Paper covers, 25 cents. 



The Rebellion Record. 

EDITED BY FRANK MOORE. 
Complete in 19 Volumes. 

Wl th 158 Steel Engraved Portraits of Distinguished Generals and Prominent Men; 
together with numerous Maps and Plans of Battles. 



THE REBELLION RECORD. Containing: a full and concise Diary 
of Events, from the meeting of the South Carolina Convention in 
December, 1860, to the close of the War of the Rebellion, together 
"with Official Reports of both Federal and Confederate State Officers, 
and Narratives of all the Battles and Skirmishes that occurred. 12 
vols., cloth, $60.00 ; library sheep, $72.00 ; half calf, antique, $78.00 ; 
half morocco, $78.00 ; half russia, $84.00. 

%* Single volumes to complete sets furnished at the same rates. 

There are very few men of ordinary intelligence, and possessing an 
ordinary share of interest in the war which for a long period so entirely 
engrossed the public attention, who have not very often desired to fix 
the date of some important battle, some change of commanders, or the 
issue of some noteworthy proclamation. There are fewer still who 
would not feel an interest in recurring to the vivid description of some 
important engagement by sea or land, in which mayhap a kinsman or 
friend participated. 

THE REBELLION" RECORD has, as we believe, a claim to a very 
wide circulation on the following grounds: its accuracy, its impartiality, its 
completeness, its preservation of all the materials for a future history of 
the struggle, its connected diary, its valuable documents, its interesting 
collection of incidents, its garnering up the poetry called out by the war, 
and its unique character, as the only work of its kind. 

THE REBELLION RECORD has now become so firmly established 
as the standard authority of the war, that individuals in all departments 
of the Army, Navy, and Government, are constantly referring to it, for 
narratives of important events, and official reports unpublished elsewhere. 

This work is a compendium of information, made ap of special correspondence, 
official reports, and gleanings from the newspapers of both sections of the United 
States and of Europe. Of these latter, over five hundred are used in its prepara- 
tion. 



VAN NOSTRAND'S 

ECLECTIC ENGINEERING MAGAZINE. 

Large 8vo, Monthly, 
Terms, $5.00 per Annum, in Advance, 

SINGLE COPIES, 50 CENTS. 

First Number -was issued Jamuary 1, 1869. 
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V'AN NOSTEAND'S MAGAZINE oonsists of Articles, Original 
and Selected, as also Matter condensed from all the Engineering 
6erial Publications of Europe and America. 

SIXTEEN VOLUMES NOW COMPLETE. 

Notice to New Subscribers. Persons commencing their sub- 
scriptions with the Seventeenth Volume (July, ISW), and who are 
desirous of possessing the yrork from its commencement, will be 
supplied with Volumes L to XVL, inclusive, neatly bound in cloth, 
for $43. Half morocco, $66.50. Sent free by mail or express on 
receipt of price. 

Notice to Clubs. — An extra copy will be supplied, gratis, to 
every Club of five subscribers, at $5.00 each, sent in one remits 
tance. 

This magazine is made up of copious of reprints from the leading scien- 
tific periodicals of Europe, together with original articles. It is extremely 
well edited, and cannot fail to prove a valuable adjunct in promoting the 
engineering skill of this country. — New York World, 

No person interested in any of the various branches of the engineering 
profession can afford to be without this magazine. — Tsl£grwpher, 

The most useful engineering periodical extant, at least for American 
readers. — CTiemical News, 

As an abstract and condensation of current engineering literature thii 
magazine will be of great value, and as it is the first enterprise of th* 
kind in this counlry, it ought to have the cordial support of the engineer 
ing profession, and all interested in mechanical or scientific progress.— 
Iron Age. 

It is, in truth, as the publisher asserts, *' a novelty in engineering liter- 
ature," filling a place, and answering a legitimate demand, hitherto un- 
Bupplied. Its object is, in brief, to preaeiit not specimens but abstractfr— * 
the net resulta—of all current fact and op\mou\u«\i^^Tm^\i^T^tJM»» 



MILITARY BOOKS 

P0BUSBED BY 

D. VAN NOSTRAND, 

23 Murray Street and 27 Warren Street, 

NEW YOKK". 



Any Book in this Catalogue sent free by mail on receipt of price. 



Benton's Ordnance and Gunnery. 

Fourtii Edition, Revised and Enlarged. 8vo. Cloth. $5.00. 

Ordnance and Gunnery. A Course of Instruction in Ordnance 
and Gunnery. Compiled for the use of the Cadets of the U. S. Military 
Academy, by Col. J. G. Benton, Major Ordnance Dep., late Instructor 
of Ordnance and Gunnery, Military Academy, West Point. Illus- 
trated. 

HoUey's Ordnance and Armor. 

8vo. Hall Boan, $10.00. Half Rossia, $12.00. 
A Treatise on Ordnance and Armor. With an Appendix, refer- 
ring to Gun-Cotton, Hooped Guns, etc., etc. By Alexander L. Holley, 
B. P. With 493 illustrations. «48 pages. 

Scott's Military Dictionary. 

8vo. Half Roan, $6.00. Half Russia, $8.00. Full Morocco, $10.0a 
Military Dictionary. Comprising Technical Definitions; InfomM^• 
tion on Raising and Keeping Troops ; Law, Government, Regu* 
lation, and Administration relating to Land Forces. By Col. H. L. 
Scott, U.S.A. 1 voL Fully illustrated. 

Roemer's Cavalry. 

8vx>. Cloth, $6.00. Half Calf, $7.50. 
Cavalry : Its History, Management, and Uses in War. By J. 
Roemer, LL.D., late an officer of Cavalry in the Service of the Nether- 
lands. Elegantly illustrated with one hundred and twenty-seven fine 
wood engravings. Beautifully printed Qn\^X)2u^\i«^«^ 
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Micliaelis' Cliroiiograpli. 

4to. Illustrated. Goth. $3.0a 
The Le Boulexge Chronograph. With three lithographed folding 
plates of illustrations. By Brevet Capt. O. E. Michaelis, First Lieu- 
tenant Ordnance Corps, U. S. Army. 

Benet's Chronoscope* 

Second Edition. Ulustrated. 4to. Cloth. $3.00. 
Electro-Ballistic Machines., and the Schultz Chronoscope. By 
Genl. S. V. Bendt, Chief of Ordnance, U. S. Army. 



Dufour's Principles of Strategy and Grand 

Tactics. 

12mo-. aoth. $3.00, 
The Principles op Strategy and Grand Tactics. Translated 
from the French of General G. H. Dufour. By William P. Craighill, 
U. S. Engr. , and late Assistant Professor of Engineering, Military 
Academy, West Poinl From the last French edition. Illustrated. 



Jomini's Life of tlie Emperor Napoleon^ 

4 vols. 9vo., and Atlas. Cloth. Half Calf. 

Military and Political Life op the Emperor Napoleon. By 
Baron Jomini, General-in-Chief and Aid-de-Camp to the Emperor of 
Russia. Translated from the French, with Notes, by H. W. HaHeck^ 
LL.D.^ Major-General U. S. Army. With 60 Maps and PIan& 

Jomini^s Campaign of Waterloo. 

Third Edition. 12mo. Cloth. $1,25. 
siE Political and Military History op the Campaign op Wa- 
terloo. Translated from the French of General Baron de Jomini, by 
Genl. S. V. Benet, Chief of Ordnance. 



Jomini's G-rand Military Operations. 

2 vols. 8vo., and Atlas. Cloth, $15.00. Half Calf or Morocco, $21. Half Rnssia, 

$22,50. 

Treatise on Grand Military Operations. Illustrated by a Critical 

and Military History of the Wars of Frederick the Great. With a 

Summary of the Most Important Principles of the Art of War. By 

Baron de Jomini. Illustrated by Maps and Plans. Translated from 

the French hy Col. S. B. Holabird, A. D. C, U. S. Army. 
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Rodenbough's Everglade to Canon. 

Royal 8vo. Illustrated with Chromo-Lithographs. Extra Cloth. $7,60. 
Everglade to Canon, with the Second Dragoons (Second U. S. Cav- 
alry), an authentic account of sei-vice in Florida, Mexico, Virginia and 
the Indian Country, including Personal Recollections of Distinguished 
Officers. By Theo. F. Rodenbough, Colonel and Brevet Brigadier- 
General, U S. Army. 

History of Brevets. 

Crown 8vo. Extra Cloth. $3.60, 
The History and Legal Effects of Brevets in the Armies of 
Great Britain and the United States, from the origin in 1692 imtil the 
present time. By Gren. James B. Fry, U. S. Army. 

Barre Buparcq's Military Art and History. 

8vo. Cloth. $5.00. 

Elements of Military Art and History. By Edward de la Barr^ 
Duparcq, Chef de Bataillon of Engineers in the Army of France, and 
Professor of the Military Art in the Imperial School of St. Cyr. 
Translated by Colonel Geo. W. Cullum, U. S. E. 

Discipline and Drill of the Militia. 

Crown 8 vo. Flexible cloth. $3.00. 

The DisciPLmE and Drill op the Militia. By Major Frank S. 
Arnold, Assistant Quartermaster-General, Rhode Island. 



Wallen's Service Manual. 

12mo. Cloth. $1.60. 
Service Manual for the Instruction of newly appointed Commissioned 
Officers, and the Rank and File of the Army, as compiled from Army 
Regidations, The Articles of "War, and the Customs of Service. By 
Henry D. Wallen, Bvt. Brigadier-General U. S. Army. 

Boynton's History of West Point. 

Second Edition, 8vo. Fancy Cloth. $3.60. 
History op West Point, and its Military Importance during the 
American Revolution j and the Origin and Progress of the United 
States Military Academy. By Bvt. Maj. Edward C. Boynton, A. M, 
Adjutant of the Military JLcademy. ^With 36 Maps and Engraving 
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Wood's West Point Scrap-Book. 

8to, Extra Cloth. $5.00 
The West Point Scrap-Book. Being a Collection of Legends, Stories, 
Songs, &c. By Lieut. O. E. Wood, U. S. A. With 69 wood-cut 
Illustrations. Beautifully printed on tinted paper. 

West Point Life. 

Oblong 8vo, Cloth, $2.60, 
West Point Life. A Poem read before the Dialectic Society of the 
United States Military Acadenay. Dlustrated with twenty-two full- 
page Pen and Ink Sketches. By A Cadet. To which is added the 
song, " Benny Havens, Oh!" 

Gillmore's Fort Sumter. 

8vo. Cloth. $10,00. Half Russia, $12.00, 
Gillmore's Fort Sumter. Official Report of Operations against the 
Defences of Charleston Harbor, 1863. Comprising the descent upon 
Morris Island, the Demolition of Fort Sumter, and the siege and 
reduction of Forts Wagner and Gregg. By Maj.-Gen. Q. A. Gill- 
more, U. S. Engineers. With 76 lithographic plates, views, maps, etc. 

Gillmore's Supplementary Report on Fort 

Sumter. 

8vo. Cloth. $5.00, 
Supplementary Report to the Engineer and Artillery Operations 
against the Defences of Charleston Harbor in 1863. By Maj.-Gen. Q. 
A. Gillmore, U. S. Engineer. With Seven Lithographed Maps and 
Views. 



Gillmore's Fort Pulaski. 

Svo, aoth, $2,60 

Siege and Reduction of Fort Pulaski, Georgia. By Maj.-Gen. 

Q. A. GiUmore, U. S. Engineers. Illustrated by Maps and Views. 

Barnard and Barry's Report. 

Svo. Cloth. $4.00. 

Report of the Engineer and Artillery Operations of thk 

Army of the Potomac, from its Organization to the Close of the 

Peninsular Campaign. By Maj.-Gen. J. G. Barnard, U. S. Engineers, 

and Maj.-Gen. W. F. Barry, Chief of Artillery. Illustrated by 18 

Maps, Plana J &c. 
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Guide to West Point. 

18mo. Flexible Cloth, $1,00. 

Guide to West Point and the U. S. Military Academy. With 

Maps and Engravings. 



Barnard's C. S. A., and the Battle of Bull 

Run. 

8vo, Cloth, S2.00, 
The "C. S. A.," and the Battle of Bull Run. By Maj.-Gen. J. G. 
Barnard, U. S. Engineers. With five Maps. 

Barnard's Peninsular Campaign. 

8vo, Cloth. $1.00. 12mo. Paper. 30c. 
The Peninsular Campaign and its Antecedents,^ as developed by 
the Report of Maj.-Gen. Geo. B. McClellan, and other published 
Documents. By Maj.-Gen. J. G. Barnard, U. S. Engineers. 



Barnard's Notes on Sea-Coast Defence. 

Bvo. Cloth. $2.00. 
Notes on Sea-Coast Defence: Consisting of Sea-Coast Fortifica- 
tion ; the Fifteen-Inch Gun ; and Casemate Embrasure. By Major- 
Gen. J. G. Barnard, U. S. Engineers. With an engraved Plate of 
the 15-inch Gun. 



Henry's Military Record of Civilian 
Appointments, U. S. A. 

2 Vols. 8vo. aoth. $10.00. 

Military Record of Civilian Appointments in the United 
States Army. By Guy V. Henry, Brevet-Colonel U. S. A. 



Harrison's Pickett's Men. 

12mo. Qoth. $2.00. 
Pickett's Men. A Fragment of War History. By Col. Walter Har«^ 
rison. With portrait of Gen. Pickett. 



Todleben's Defence of Sebastopol. 

12mo. Cloth. $2.00. 
Todleben's (General) History of the Defence of Sebastopol 
By William Howard Russell, LL.D., oi \k^\^^\i^Qv>.'Y\saRj^* 



1 
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Hotchkiss and Allan's Battle of Chancellors- 

ville. 

8vo. Qoth. $6.00. 
The Battle-fields op Virginia. Chancellorsville, embracing the 
Operations of the Army of Northern Virginia. From the First Battle 
of Fredericksburg to the Death of Lt.-Gen. T. J. Jackson. By Jed. 
Hotchkiss and William Allan. Illustrated with five Maps and Por- 
trait of Stonewall Jackson. 



Andrews' Campaign of Mobile. 

8vo. Cloth. $3.5a 
The Campaign of Mobile, including the CoK)peration of General 
Wilson's Cavalry in Alabama. By Brevet Maj.-Gen. C. C. Andrews, 
With five Maps and Views. 



Stevens' Three Years in the Sixth Corps. 

New and Revised Edition. 8va Cloth. $3.00 

Three Years in the Sixth Corps. A concise narrative of events in 

the Army of the Potomac from 1861 to the Close of the Rebellion. 

April, 1865. By Geo. T. Stevens, Surgeon of the 77th Regt. New 

York Volunteers. Illustrated with 17 engravings and six steel portraits. 

Lecomte's War in the United States. 

12mo. Cloth. Sl.OO. 

The War in the United States. A Report to the Swiss Military 
Department. By Ferdinand Lecomte, Lieut- Col. Swiss Confedera 
tion. Translated from the French by a Staff Officer. 



Roberts' Hand-Book of Artillery. 

16mo. Morocco Clasp. $2.00. 
Hand-Book of Artillery. For the service of the United States 
Army and Militia. Tenth edition, revised and greatly enlarged. By 
Joseph Roberts, Lt.-Col. 4th Artillery and Brevet Maj.-Greneral U S. 
Army. 



Instructions for Field Artillery. 

12mo. Cloth. $3.00. 
Instructions for Field Artillkry. Prepared by a Board of Arti) 
leiy Officers. To which is added the ** Evolutions of Batteries," 
translated from the French, by Brig.-Gen. R. Anderson, U. S. A. X'itl 
plates. 
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Heavy Artillery Tactics. 

12mo. Cloth. S2.5a 
Heavy Artillery Tactics. — 1863. Instructions for Heavy Artillery; 
prepared by a Board of Officers, for the use of the Army of the United 
States. With service of a gun mounted on an iron carriage and 39 
plates. 



Andersons' Evolutions of Field Artillery. 

24mo. Cloth. $1.00. 
Evolutions of Field Batteries of Artillery. Translated from 
the French, and arranged for the Army and Militia of the United 
States. By Gen. Robert Anderson, U. S. A. Published by order of 
the War Department. 33 plates. 



Dnane's Manual for Engineering Troops. 

12mo. Half Morocco. $2.50. 
Manual for Engineer Troops : Consisting of — Part I. Ponton Drill; 
II. Practical Operations of a Siege; III. School of the Sap ; IV. Mili- 
tary Mining ; V. Construction of Batteries. By General J. C. Duane, 
Corps of Engineers, U. S. Army. With 16 plates and numerous wood- 
cut illustrations. 



Cnllnm's Military Bridges. 

8vo. Cloth. $3.60. 
Systems of Military Bridges, in use by the United States Army, 
those adopted by the Great European Powers ; and such as are em- 
ployed in British India. With Directions for the Preservation, 
Destruction, and Re-establishment of Bridges. By Col. George W. 
Cullum, U. S. E. With 7 folding plates. 



Mendell's Military Surveying. 

12mo. Cloth. $2.0a 
A Treatise on Military Surveying. Theoretical and Practical, 
including a description of Surveying Instruments. By G. H. Mendell, 
Major of Engineers. With 70 wood-cut illustrations. 



Abbot's Siege Artillery Against Riclinionci. 

Svo. Cloth. $3.50. 
Siege Artillery in the Campaign Against Richmond. By Henry 
L. Abbot, Major of U. S. Engineers. IIL\iatTate.d« 
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Haupt's Military Bridges. 

8vo. Cloth. $6.50. 
Military Bridges ; For the Passage of Infantry, Artillery and Bag- 
gage Trains ; with suggestions of many new expedients and construc- 
tions for crossing streain;^ and chasms. Including also designs for 
Trestle and Truss-Bridges for Military Railroads, adapted specially to 
the wants of the Service of the United States. By Herman Haupt, 
Brig.-Gen. U. S. A., author of " General Theory of Bridge Construc- 
tions," &c. Illustrated by 69 lithographic engravings. 



Lendy's Maxims and Instructions on tlie 

Art of War. 

ISmo. Cloth. 75c. 
Maxims and Instructions on the Art of War. A Practical 
Military Guide for the use of Soldiers of All Arms and of all Coun- 
tries. Translated from the French by Captain Lendy, Director of the 
Practical Military College, late of the French Staff, etc., etc 



Benet's Military Law and Courts-Martial 

Sixth Edition, Revised and En\arged. 8vo. Law Sheep. $4.50. 
Benet's Military Law. A Treatise on Military Law and the Prac- 
tice of Courts-Martial. By Gen. S. V. Ben^t, Chief of Ordnance U. S. A., 
late Assistant Professor of Ethics, Law, &c., Military Academy, West 
Point 

Lippitt's Special Operations of War. 

niustiated. 18mo. Cloth. $1.0a 



Lippitt's Field Service in War. 

12ma Cloth. $1.00. 



Lippitt's Tactical Use of tlie Three Arms, 

12mo. Cloth. Sl.Oa 



Lippitt on Intrenchments. 

41 Engravings. 12ino. Cloth. $1.25. 



Kelton's NeA?\r Bayonet Exercise. 

Fifth Edition. Revised. 12ma Cloth. $2.00. 
New Bayonet Exercise. A New Manual of the Bayoaet, for the 
Army and Militia of the United States.r By Greneral J. C. Keltou 
U. S. A. With 40 beautifully engraved plates. 
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Craigliill's Army Officers' Companion. 

18ma Full Roan. $2.0a 
Thb Army Officers' Pocket Companion. Principally designed for 
Staff Officers in the Field. Partly translated from the French ot 
M. de Rouvre, Lieut.-CoL of the French Staff Corps, with additions 
from Standard American, French', and English authorities. By Wm. 
P. Craighill, Major U. S. Corps of Engineers, late Assistant Professor 
of Engineering at the U. S. Military Academy, West Point. 

Casey's U. S. Infantry Tactics. 

3 Tols. 24ma Cloth. $2.5a 
U. S. Infantry Tactics. By Brig.-Gen. Silas Casey, U. S. A. 3 vols., 
24mo. Vol. I. — School of the Soldier; School of the Company; In- 
struction . for Skirmishers. Vol. II. — School of the Battalion. VoL 
III. — Evolutions of a Brigade; Evolutions of a Corps d'Arm^e. 
Lithographed plates. 

United States Tactics for Colored Troops. 

24mo. Cloth. $1.50. 
U. S. Tactics for Colored Troops. U. S. Infantry Tactics for the 
use of the Colored Troops of the United States Infantry. Prepared 
under the du*ection of the War Department 



Morris' Field Tactics for Infantry. 

Diustrated. 18mo. Cloth. 76c 
Field Tactics for Infantry. By Brig.-Gen. Wm. H, Morris, U. S, 
Vols., late Second U. 8. Infantry. 

Monroe's Light Infantry and Company Drill. 

32mo. Cloth. 76c 
Light Infantry Company and Skirmish Drill. Bayonet Fencing ; 
with a Supplement on the Handling and Service of Light Infantry. 
By J. Monroe, Col. Twenty-Second Eegiment, N. G., N. Y. S. M. for- 
merly Captain U. S. Infantry. 

Berriman's S\?\rord Play. 

Fourth Edition. 12mo. Cloth. $1.0a 
Sword-Play. The Militiaman's Manual and Sword-Play without a 
Master. Rapier and Broad-Sword Exercises, copiously explained and 
illustrated; Small- Arm Light Infantry Drill of the United States 
Army ; Infantry Manual ot Percussion Musket ; Company Drill of the 
United oiates Cavalry. By Major M. W. Berriman« 
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Morris' Infantry Tactics. 

2 vols. 24mo. $2.00. 2 vols, in 1. Cloth. $1.50. 
INFANTRY Tactics. By Brig. -Gen. William H. Morris, U. S. Vols^ 
and late U. S. Second Infantry. 



Le Gal's Scliool of tlie Gruides. 

16mo. Cloth. 60c. 
The School of the Guides. Designed for the use of the Militia of 
the United States. By Col. Eugene Le Gal. 



Duryea's Standing Orders of th.e Seventh. 

Regiment. 

New Edition. 16mo. Cloth. 50c. 

Standing Orders of the Seventh Kegiment National Guards. 
By A. Duryea, Colonel. 



Hetli's System of Target Practice. 

ISmo. Cloth. 76c. 
System of Target Practice ; For the use of Troops "when armed 
with the Musket, Rifle-Musket, Rifle, or Carbine. Prepared princi- 
pally from the French, by Captain Henry Heth, Tenth Infantry, 
U. S. A. 



Wilcox's Rifles and Rifle Practice. 

New Edition. Illustrated. 8vo. Cloth. $2.00. 
BiFLES AND Rifle Practice. An Elementary Treatise on the Theory 
of Rifle Firing ; with descriptions of the Infantry Rifles of Europe 
and the United States, their Balls and Cartridges. By Captain C. M. 
Wilcox, U. S. A. 



Viele's Hand-Book for Active Service. 

12mo. Cloth. $1.00. 
Hand-Book FOR Active Service, containing Practical Instructions in 
Campaign Duties. For the use of Volunteers. By Brig.-Gen. Egbert 
L. Viele, U. S. A. 



Nolan's System for Training Cavalry Horses. 

24 Plates. Cloth. $2.00. 
Nolan's System for Training Cavalry Horses. Ey Kenner Gai- 
T&rd, Bvt. Brig.-Gen. U. S. A. 
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Arnold's Cavalry Service. 

Illustrated. 18mo. Cloth. 75c 
Notes on Horses for Cavalry Service, embodying the Quality, 
Purchase, Care, and Diseases most frequently encountered, with lessons 
for bitting the Horse, and bending the neck. By Bvt. Major A. K. 
Arnold, Capt. Fifth Cavalry, Assistant Instructor of Cavalry Tactics, 
U. S. Mil. Academy. 

Cooke's Cavalry Practice. 

100 Illustrations. 12mo. Cloth. $?1.00. 
Cavalry Tactics; Regulations for the Instruction, Formation and 
Movements of the Cavalry of the Army and Volunteers of the United 
States. By Philip St. George Cooke, Brig.-Gen. U. S. A. 
This is the edition now in use in the U. S. Army. 



Patten's Cavalry Drill* 

93 Engravings. 12mo. Paper. 50c. 
Cavalry Drill. Containing Instructions on Foot ; Instructions on 
Horseback ; Basis of Instruction ; School of the Squadron, and Sabre 
Exercise. 



Patten's Infantry Tactics. 

92 Engravings. 12mo. Paper. 50c. 
Infantry Tactics. School of the Soldier ; Manual of Arms for the 
Rifle Musket ; Instructions for Recruits, School of the Company ; 
Skirmishers, or Light Infantry and Rifle Company Movements ; the 
Bayonet Exercise ; the Small- Sword Exercise; Manual of the Sword 
or Sabre. 

Patten's Infantry Tactics. 

Revised Edition. 100 Engravings. 12mo. Paper. 76c. 
IxFANTRY Tactics. Contains Nomenclature of the Musket; School 
of the Company ; Skirmishers, or Light Infantry and Rifle Company 
Movements ; School of the Battalion ; Bayonet Exercise ; Small Sword 
Exercise ; Manual of the Sword or Sabre. 



Patten's Army Manual. 

8vo. aoth. $2.oa 
Army IHanual. Containing Instructions for Officers in the Preparation 
of Rolls, Returns, and Accounts required of Regimental and Company 
Comm;ind(»rs, and pertaining to the Subsistence and Quartermaster's 
Department, &c., &.c. 
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Patten's Artillery Drill.' 

12mo. Paper. 50c. 
AnTiLLERY Drill. Containing instruction in the School of the Piece, 
and Battery Manoeuvres, compiled agreeably to the Latest Regulations 
of the War Department. From Standard Military Authority. By 
George Patten, late U. S. Army. 

Andre w^s' Hints to Company Officers. 

18mo. Cloth. 60c 
Hints to Company Officers on their Military Duties. By 
General C. C. Andrews, Third Regt, Minnesota Vols. 



Thomas' Rijaeci Ordnance. 

Fifth Edition, Revised. Dlastrated. Svo. Cloth. $2.00. 
KiFLED Ordnance; A Practical Treatise on the Application of the 
Principle of the Rifle to Guns and Mortars of every calibre. To which 
is added a new theory of the initial action and force of Fired Gun- 
powder. By Lynall Thomas, F. R. S. L. 



Brinkerh.oflf's Volunteer Quartermaster. 

12mo. Cloth. $2.50. 
The Volunteer Quartermaster. By Captain R. Brinkerhoff, Post 
Quartermaster at Washington. 

Hunter's Manual for Quartermasters and 

Commissaries. 

12mo. Cloth. $1.25. Flexible Morocco, $1.60. 
Manual for Quartermasters and Commissaries. Containing 
Instructions in the Preparation of Vouchers, Abstracts, Returns, etc. 
By Captain R. F. Hunter, late of the U. S. Army. 12mo. Cloth. 
$1.25. 



Greener's Grunnery. 

8vo. Cloth. $4.00. Full Calf. $G.Oa 
Gunnery in 1858. A Treatise on Rifles, Cannon, and Sporting Arms, 
ffv W'na. Greener, R. C. E. 

Head's Systen^ of Fortiftca^iQiiS, 

niiwtiated. 4to. Paper. $1.00. 
A New System of Fortifications. By George E. Head, A. M?t 
Copt TweDty'Ninth Infantry, andl Bvt, Major U. S, A. 



D. VAN NOSTBAND. 37 



Experiments on Metal for Cannon. 

4to. 26 Plates. Cloth. $10.00. 
Reports of Experiments on the Strength and other Properties 
OF Metals for Cannon ; with a Description of the Machines for 
Testing Metals, and of the Classification of Cannon in Service. By 
Officers of the Ordnance Department U. S. Army. Published by author- 
ity of the Secretary of War. 



Rodman's Experiments on Metals for Can- 
non and. Powder. 

4to. 60 Plates. Cloth. $10.00. 
Reports of Experiments on the Properties of Metals for 
Cannon and the Qualities of Cannon Powder ; with an Ac- 
count of the Fabrication and Trial of a 15-inch Gun. By Captain T, 
J. Rodman, of the Ordnance Department of U. S. Army. Published 
by authority of the Secretary of War. 



Norton's Report on th.e Munitions of War. 

80 Illustrations. 8vo. Cloth. Extra. $3.50. 
Report to the Government of the United States on the Mu- 
nitions OF War exhibited at the Paris Universal Exhibition, 1867. 
By Charles B. Korton, U. S. V., and W. J. Valentine, Esq., U. S. 
Commissioners. 



Lieber's Instructions for Armies. 

12rao. Paper. 25 cents. 
Instructions for the Go\^rnment of Armies op the U. S. in thb 
Field. Prepared by Francis Lieber, LL.D. 



Ordronanx's Manual for Military Surgeons, 

12mo. Half Morocco. $1.60. 
Manual of Instructions for Military Surgeons, in the Examin- 
ation of Recruits and Discharge of Soldiers. Prepared at the lequest 
of the United States Sanitary Commission. By John Ordronaux, M.D.. 
Professor of Medical Jurisprudence in Columbia College, New York. 



The Automaton Company. 

In Box Si. 25. When sent by mail $1.94. 
The Automaton Company; or, Infantry Soldiers' Practicai 
Instructor. For all Company Movements in the Field. By G. 
pouglaa Brewerton, U. S. Army. 
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The Automaton Battery. 

lu Box $1.00. When sent by mail $1.30. 
The Automaton Battery; or, Artillerist's Practical In- 
structor. For all Mounted Artillery Manoeuvres in the Field. By 
G. Douglas Brewerton, U. S. A. 

Tlie Automaton Regiment. 

In Box $1.00. When sent by mail $1.33. 
The Automaton Regiment; or, Infantry Soldiers' Practical 
Instructor. For all Regimental Movements in the Field. By. G. 
Douglas Brewerton, U. S. A. 



Grafton on tlie Camp and March.. 

12ma Caoth. 76c. 
A Treatise on the Camp and March. With which is connected 
the Construction of Field- Works and Military Bridges. By Captain 
Henry D. Grafton, U. S. A. 



Gen. McOlellan's Report of tlie Army of tlie 

Potomac. 

8vo. Cloth. $1.00. Paper. 60 cents. 
Report of the Army of the Potomac, of its operations while 
under his command. With Maps and Plans. By General Geo. B. 
McClellau, U. S. A. 



Moore's Portrait Gallery of the War. 

1 vol. 8vo. Cloth. $6.00. Half Calf. $7.50. 

Portrait Gallery of the War, Civil, Military, and Naval. 

A Biographical Record. Edited by Frank Moore. Illustrated with 60 
fine portraits on steel. 



Butler's Projectiles and Rifled Cannon. 

4to. 36 Plates. Cloth. $7.60. 
Projectiles axd Rifled Cannon. A Critical Discussion of the 
Principal Systems of Rifling and Projectiles, with practical suggestions 
for their improvement, as embraced in a report to the Chief of Ord- 
nance, U. S. Army. By Capt. John S. Butler, Ordnance Corps, U. S. A. 

Sergeant's Roll Book. 

Pocket-book form. $1.25. 
SicnaEANT's Roll Book, for tii^: Compx^x, I^iltkw. and Squad. 
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23 Murray Street & 27 Warren Street, 

NEW YORK. 



Luce's Seamanship. 

Fourth Edition. Crown Svo. Revised and Improved. Illustrated by 89 foil-page 
copper-plate engravings. 8vo. Half Roan. ^7.50. 

Seamanship. For the use of the United States Naval Academy. By 
Capt. S. B. Luce, U. S. N. 1 vol., crown octavo. 

5^" Text-Book at tlie U. S. Naval Academy, Annapolis 

Barnes' Submarine Warfare. 

With 20 Lithographic Plates, and many Wood-cuts. Svo. Cloth. $5.00. 
Submarine Warfare, Defensive And Offensive. Comprising a 
Full and complete History of the invention of the Torpedo, its em- 
ployment in War, and results of its use. Descriptions of the various 
forms of Torpedoes, Submarine Batteries and Torpedo Boats actually 
used in War. By Lieut. -Commander John S. Barnes, U. S. N. 



Jeffers' Nautical Surveying. 

Illustrated with 9 Copperplates and 31 Wood-cut Illustrations. Svo. Cloth. $5.00. 
Nautical Surveying. By William N. Jeffers, Captain U. S. Navy. 



Coffin's Navigation. 

Fifth Edition. 12mo. Cloth. $a50. 
Navigation and Nautical Astronomy. Prepared for the use of the 
U. S. Naval Academy. By J. H. C. Coffin, Prof, of Astronomy, Navi- 
gation and Surveying, with 52 wood-cut illustrations. 



Text Book: of Surveying. 

8vo. 9 Lithograph Plates and several Wood-cuts. Illustrated. Cloth. $2.00. 
A Text Book on Surveyinsr, Projections and Portable Instruments for 
the use of the Cadet Midshipmen at tlve \I. ^.'^v^^ Ksia^^'sas:^. 
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Clark's Navigatieix. 

lUustrated. 8va Cloth. $3.00. 
Theoretical Navigation and Nautical Astronomy. By Lewis 
Clark, Lieut.- Commander U. S. Navy. 



Simpson's Ordnance and Naval Gnnnery. 

Filth Edition, Kevised and Enlarged. Illustrated with 185 Engravings. 8va 

Cloth. $5.00. 

A Treatise on Ordnance and Naval Gunnery. Compiled and 
arranged as a Text-Book for the U. S. Naval Academy, by Commander 
Edward Simpson, U. S. N. 

Young Seaman's Manual. 

8va Half Roan. $a00. 

The Young Seaman's Manual. Compiled from various authorities, 
and illustrated with numerous original and select designs. For the use 
of the U. S. Training Ships and the Marine Schools. 



Harw^ood's Naval Courts-Martial. 

8vo. Law-sheep. $4.00. 
Law and Practice of United States Naval Courts-Martial 
By A. A. Harwood, U. S. N. Adopted as a Text-Book at the U. S. 
Naval Academy. 

Parker's Squadron Tactics. 

Illustrated by 77 Plates. 8vo. Cloth. $5.00. 
Squadron Tactics Under Steam. By Foxhall A. Parker, Commo- 
dore U. S. Navy. Published by authority of the Navy Department 

Parker's Fleets of the World. 

8vo. 9 Illustrations. Cloth, extra. $5.00 
The Fleets of the World. The Galley Period. By Foxhall A. Parker, 
Commodore U. S. Navy. 

Parker's Fleet Tactics. 

18mo. Cloth. $2.50. 
Fleet Tactics Under Steam. By Foxhall A. Parker, Commodore 
U. S. Navy. Illustrated by 140 wood-cuts. 

Parker's Naval Howitzer Aslxore. 

26 Plates. 8vo. Qoth. $4.00. 
Tifjs Naval Howitzer Ashore. By Foxhall A. Parker, Commo- 
dore U, S. Navy, With plates.. A\)^TOved by the Navy Department; 
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Parker's Naval Howitzer Afloat. 

32 Plates. 8vo. Cloth. $4.0a 
The Naval Howitzer Afloat. By Foxhall A. Parker, Commo- 
dore U. S. Nayy. With plates. Approved by the Navy Department. 



Brandt's GTinnery Catecliisin. 

Revised Edition. Illustrated. 18mo. Cloth. $1.50. 
Gunnery Catechism. As applied to the service of the Naval Old 
nance. Adapted to the latest Official Regulations, and approved by 
the Bureau of Ordnance, Navy Department. By J. D. Brandt, for- 
merly of the U. S. Navy. 



Ordnance Instructions for tlie United Statea 

Navy. 

Illustrated. 8vo. Cloth. $5.00. 
Ordnance Instructions for the United States Navy. Part I, 
Relating to the Preparation of Vessels of War for Battle, and to the 
Duties of Officers and others when at Quarters. Part II. The Equip- 
ment and Manoeuvre of Boats, and Exercise of Howitzers. Part III. 
Ordnance and Ordnance Stores. Published by order of the Navy De- 
partment. 



Barrett's Gunnery Instructions. 

12mo. Cloth. $1.25. 
Gunnery Instructions. By Capt. Edward Barrett, U. S. N., Instructor 
of Gunnery, Navy Yard, Brooklyn. 

IBuckner's Tables of Ranges. 

Svo. Qoth. $1.50. 
Calculated Tables of Ranges for Navy and Army Guns. By 
Lieut. W. P. Buckner, U. S. N. 



Lnce's Naval Light Artillery. 

22 Plates. Svo. Cloth. $3.00. 
Naval Light Artillery. By Lieutenant W. H. Parker, U. S. N, 
Third Edition, revised by Lieut. S. B. Luce, Assistant Instructor ol 
Gunnery and Tactics at the United States Naval Academy. 

Manual of Boat Exercise. 

18mo. Flexible Cloth. 75c 

Manual of the Boat Exercise at the U. S. Naval Academy, designed 

for the practical instruction of the Seuiox C\as&^xy."^^^'^^!^^s.^- 
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Hamersly's Records of Living Officers of tlie 

U. S. Navy. 

Revised Edition. Cloth. 8yo. $5.00. 
The Records of Living Officers of the U. S. Navy and Ma- 
rine Corps. Compiled from Ofl&cial Sources. By Lewis B. Hamersly, 
late Lieutenant U. S. Marine Corps. 

Levy's Rules and Regnlations for Men-of- 

War. 

Third EditioD, Reyised and Enlarged. 18mo. Flexible Cloth. 50c 
Manual of Internal Rules and Regulations for Men-of-War. 
By Commodore U. P. Levy, U. S. N. 

Pook's Shipbuilding. 

8vo. Cloth. $5.00 
A Method of Comparing the Lines and Draughting Vessels 
Propelled by Sail or Steam, including a Chapter on Laying off 
on the Mould-Loft Floor. By Samuel M. Pook,- Naval Constructor. 
With Illustrations. 



Osbon's Hand-Book of tlie United States 

Navy. 

12mo. Cloth. 13.00. 
Hand-Book of the United States Navy. Being a compilation of 
all the principal events in the history of every vessel of the United 
States Navy from April, 1861, to May, 1864. Compiled and arranged 
by B. S. Osbon. 

Totten's Naval Text-Book. 

Second and Revised Edition. 12mo. Cloth. $3.00. 
N> val Text-Book. Naval Text-Book and Dictionary, compiled for- 
Ihe use of Midshipmen of the U. S. Navy. By Commander B.J. 

Totten, U. S. N. 

Roe's Naval Duties. 

12nio. Cloth. $1.50. 
Naval Duties and Discipline : With the Policy and Principles of 
Naval Organization. By F. A. Roe, late Commander U. S. Navy. 

Stuart's Naval Dry Docks. 

Fourth Edition. 4to. Cloth. $6.00. 
The Naval Dry Docks of the United States. By Gen. C. B, 
Piuart Illustrated with 24 fine eugvaVm^a on «Xft^\- 
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Murpliy and Jeffer's Nautical Route. 

8vo. Cloth. $2.50. 
Nautical Routine and Stowage. With Short Rules in Navigation. 
By John McLeod Murphy and Wm. N. Jeffers, Jr., U. S. N. 

Barrett's Dead Reckoning. 

8vo. Flexible Cloth. $1.25. 
Dead Reckoning ; Or, Day's Work. By Edward Barrett^ U. S. Navy. 



Our Naval School and Naval Officers. 

12mo. Cloth. 75c. 

A Glance at the Condition of the French Navy prior to thp 
Franco-German War. Translated from the French of M. De Crise 
noy by Commander R. W. Meade, U. S. N. 



Ward's Naval Tactics. 

8vo. Cloth. $3.00. 
Manual of Naval Tactics : Together with a Brief Critical Analysis 
of the Principal Modem Naval Battles. By James H. Ward, Coi» 
mander U. S. N. With an Appendix, being an extract from Sir HoW' 
ard Douglas's " Naval Warfare with Steam." 



Ward's Naval Ordnance. 

8vo. Cloth. f2.00. 
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